US0089477052B2
12 United States Patent (10) Patent No.: US 8.947.052 B2
Nishizawa et al. 45) Date of Patent: Feb. 3, 2015

(54) CHARGE-DISCHARGE CONTROL CIRCUIT, (58) Field of Classification Search

SEMICONDUCTOR INTEGRATED CIRCUIT, USPC e 320/134-136, 118-119
METHOD OF CONTROLLING CHARGING See application file for complete search history.
AND DISCHARGING (56) References Cited
(75) Inventors: AKihiro Nishizawa, Tokyo (IP); US PATENT DOCUMENTS
Takashi Takeda, Tokyo (JP)
4,238,721 A * 12/1980 Delucaetal. ................ 320/122
(73) Assignee: Mitsumi Electric Co., Ltd., Tokyo (IP) 5,825,155 A * 10/1998 to etal. ...ooooovvinviiinns 3207118

7,508,165 B2 3/2009 Sobue et al.

( *) Notice: Subject to any disclaimer, the term of this

patent 1s extended or adjusted under 35 FOREIGN PATENT DOCUMENTS

U.S.C. 154(b) by 396 days. p 07-087673 3/1995
JP 2006-121776 5/2006
(21) Appl. No.: 13/502,152 P 2007-330003 12/2007
JP 2008-295250 12/2008
1 JP 2009-038876 2/2009
(86) PCT No.. PCT/JP2010/068979 OTHER PUBLICALIONS
§ 371 (c)(1), International Search Report mailed on Feb. 8, 2011.

(2), (4) Date:  Apr. 16, 2012 _ _
* cited by examiner

(87) PCL Pub. No.: WO2011/052594 Primary Examiner — Samuel Berhanu
PCT Pub. Date: May 5, 2011 (74) Attorney, Agent, or Firm — IPUSA, PLLC

(57) ABSTRACT

A charge-discharge control circuit includes a cell balance
detection circuit that detects that a voltage of a cell reaches a
predetermined voltage; a memory circuit that stores the cell

(65) Prior Publication Data
US 2012/0206105 Al Aug. 16, 2012

(30) Foreign Application Priority Data that reaches the predetermined voltage first among plural of
Oct. 27,2009  (IP) 2009-246814 the cells; bypass circuits respectively connected to the plural
Feb. ; O! 010 (l"P) """""""""""""""""" 2010-027467 cells 1in parallel, each of the bypass circuits including a switch

unit for bypassing the current that tflows through the corre-

(51) Int.Cl. sponding ce:ll Whep charging; and a contro} cir‘cuit that con-
trols the switch units, wherein the control circuit controls the

HO02J 7/00 (2006.01) _ _ ' trols
HOIM 10/44 (2006.01) switch unit based on the cell stm:ed 1n ﬂ.le.memiory‘mrcmt SO
HOIM 10/48 (2006.01) that an ON/OFF status of the sx?ntch unit 1s maintained from
(52) U.S.CL a start to an end _Of a next charg%ng operation subsequept to a
CPC HO02J 7/0016 (2013.01); HOIM 10/441 charging c.)per.atlon during which the cell 1s stored in the
(2013.01); HOIM 10/482 (2013.01) ~ memory cireuit
USPC ., 320/134; 320/135; 320/136 13 Claims, 30 Drawing Sheets

750 155 |70
V0D /790
| 140 VP N GIN
YOLTAGE —
SR74) vetecrion N
— i |M7a) : 51@3& L
gATa] | M4, YOI [[— 1= V031
| Ariiamas ) ooReRsivoal T4 talvoss
..... - VN ¥Y03|-1—7= V33
ENCODER,
DECODER &
VOLTAGE
CONVERSION
—— VBAT2 T,-—"?E'D
VOLTAGE
| SR731 O bETECT iGN o)
_ I | & SIGNAL RN[*—T—®
BATZ ! IH'”|_._3: NMG2 CONVERS 0K 101 T 1| VO
2 & LATCHVOZ{-[~—{-*{ V022
Ll VN Vo311 V023
— o VBATI ? 710
L .--720 ‘Jl]lih'flr'iEE GNiet-1—1—{ G1N
) LRzl Opetecrion SN SN
—— e o
BAT1| | - CONVERS I ON Y ©) nvoT]
| 31_‘_: NMG & LATCHVO2 » V012
L4 VN_ V03 HVO13
» +* VS5 ’
—-160 i i&
e T eV U e
sELECT| L SR2 ADRZ coNVERSION SO 20
5 | 1ADRE  GIRGUIT Sle—_SI




US 8,947,052 B2

Sheet 1 of 30

Feb. 3, 2015

U.S. Patent

FIG.1 RELATED ART

20

10

VO1
V03

VP

VOLTAGE

VO2 DETEGT |ON

CIRCUIT
VN

-.I.L_I

DOUT

MCOUT

MDOUT




US 8,947,052 B2

Sheet 2 of 30

Feb. 3, 2015

U.S. Patent

LOA

O

|||||||||||||||||||||||||||||||||||||| Z> - - - —
3DV1T10A JONIHI4IY oo
IDYVHOS 1
~§3A0 193130
11N9Y19 AVTAQ
3D4VHOS | € Z
o Gl
JONVIVE 1730 193130 < <
LIN9Y19 AYT0
30NV Y8 1130 Y
m— L/ 1/
pl ON [ DYYHO 40
NO I LYNTWY¥3L [53130 S < <
11N9Y¥1D AYT3d
JLVN| WYL
I9YVHI —l—l—e
4
LINOYIO NOLLOALIA IDVLIOA Y Y a.-
|||||||||||||||||||||||||||||||||||||| n_> _—— e = —

A\

14V d41Vv 13dd
¢ Ol



052 B2
U.S. Patent Feb. 3, 2015 Sheet 3 of 30 US 8.947,

S ——— :

I J 200!
: 100 | .-300
{ :
l l

i o :
' l
W LR37.-160 .

BAE__EE 1 votfraeE gfﬂ( E

| -GS Y02 TRGUI " cHai——e1—1—[CHARGE :
1 | q VN V03 .

® : VBAT?2 :
i'_ 1.-140 i
t 3 VP y01

BATz_ :: : VOIEE%(I;EN CLK | :

1 +—{ NMG2 [1{V02DETECTTO che| :
' ' ‘ VN V03 .
. VBAT E
R ,
IHSR11,120 7S = .
L NMG1 VO2DETECTIO cra{I— ' :
| M7 ﬂ VN V03 R X '
BE 230 '
: VSS g :
: L EVEL :
' 10 SHIFT |
| 2 i I
’ ,
l |
' DOUT | COUT !
: o  —1COoUTf
SRV F N A

—1 OUT T T

MC
MDOUT




US 8,947,052 B2
Z
>

N sk b ks wEl SR R SRR S B S B e s ke mheh sk ———

LIM0419 AV 1dd

—c-

CLi

1IN0dI0 NOILO4L14d 4DVLTOA

£0 3DYVHOS | @ L1 ZOA
— —¥3A0 _
S “
- '
S " a1 “
: , H eLl Sl _ m
= _ " .
z u _ " v Ol
: E _ m
= M0 — JONV IV H
> & 7139 193130 TR
b _ L1N0¥19 AV1Ad _ m
> | OA JLVN IWy3L “
~ 39YVYHI "
1] 01y |

U.S. Patent



911 1INO4IO
NV 40 1LNd.LlNo
TVYNOIS
3 10A0 ONIDHVHO

OFl1 1INDHID

US 8,947,052 B2

—

% AHOW3IW 40 1NdLNO
-

\,

D “ m

2 [ L 122 1INOYID

7, m m ANI 40 1NdLNO
— 111 HOLVHVYdNOD
& 40 1Nd1NO

s w m

= _+ Q3Sv3IYD3A SI

C | LNIHEND IDHVHO

11Vd 40 dOV.L10A

m m (FDOVLTOA FLVYNIANYIL IDHVHD)
-------.-.--.----.-.--E----------.,----.--.-.------------...... _:.....-------.----------.-*----. mo<Eo>zo_5qumozié._._mo

U.S. Patent

G OId



US 8,947,052 B2

SANLL
0¢ GZ 0¢ Gl 0l

—

o

Col

&

&

2

=

s 9,

Pe T T, RO, TR, S, N, O, B, SO o, T Ty S o N o W, S, SR T S, B i ........TD|D|D|D|_

Yo—

&

s | G0S—- $#0S -+ €0S—~- ZOS-= |OS—-

2 3DV1TOA DNIDHVYHO

e

U.S. Patent

7400
90 v
807

0LY

¢l v
vy
91Y
8LY
0CV
GGV

08¢

ON [DHVHOS 1@
1V JOV110A
JONV1Vd

0L ¢

OL ¢

| GEL

l¢L

GOS

rOS

09°¢

IN [ DdVHO
1V JOV110A
JONV'IVE

OL ¢

00L

£0S

GO0

dAY
INJHHNO
SOVdASR

0L ¢

6LL

¢OS

0L ¢

JOV1 10A
494VHOS | d
—d44A0

0L¢

G99

1 0S

02¥ |5 JOV1 10A

JdVHIOd4AO

JOVL10A

(4)

AddL1VE

060

INJHAND
ON[DUVHIS |

00 |

1NJ44MO
ONIDHVHO

QOHL1dW 'TYNOILNJANOD
d0a NOLLIANOO NOILVY INNIS

V9 Ol



US 8,947,052 B2

Sheet 7 of 30

Feb. 3, 2015

U.S. Patent

SANIL

Ot G¢ 0¢ Gl Ol G

s-. AREYYAR vy
.5» ..._." g8
Hu%. .l.¢ _,132 ¢ .s.mwo

GOW-o- PON + EON—-<- ¢ON—= |[DIN—- _
FOVLTOA ONIOHVHO

14007
90V
80Y
Ol'P
4%
vy
9Ly
Sl ¥
0V
Cov

0.2 |ses|eON
0Lz |12t Sz_ _
EINAE
0/2 |00LI|EDW|SO0| LNTFHHND
SSVdAS
| _ J9VL10A
0.2 |6LL|2OW|0L2|3DYVHOSI @
~43A0
J9V110A
0.2 |G99|1OW|0Z¥|ILYNTWYIL
I9YVH)
: TNJHAND
050
Joviton] () ON 1 DYVHIS | @
WLLIN ALIOVAYD
| AMLLVE | 9oy | LNIHEND

_GZ_OW_<IO

INJANIAONI HOd
NOILIANOD NOILV INAIS

d9 Ol4



US 8,947,052 B2

Sheet 8 of 30

Feb. 3, 2015

U.S. Patent

INJNIAOEINS
10 JAIL ONIODYVHO

AQOHLIWN 'T¥VNOILNdANOD
40 dINIL DNIDHVYHO

JOHL4N TVNOILNJANOD
40 dJALL ONIDIVHOSIA

1INJNIQOGIN
40 dNIL DNIDAIVHOSIJ

SdNILL

0€ Ge 0¢ Gl Ol G 0

NV V== —

?Efﬁg

| SIQCOW-= SIGTOS— HOOW-= HO OS-v
JNLL DNIDYVYHOSIA ANV DNIDYVHD

L Ol

004

0001

)

O
0061
000¢

00G¢



US 8,947,052 B2

SINILL
0¢ GZ 0% Gl 0l
—
% |
I~
&
&N
m dOH13IN
I R e e = v aa T
INJNIAOGINT 40 3DVYLTI0A S _ .
- ONIDHVHO 40 FDVHIAY
= |
&
M JAY ON—= JAV OS -+
o DY LTOA HDNIDHVHDO 40 IDVHIAY

U.S. Patent

14007
90V
801
Olv
¢y
1497
9l v
oly
0CV
Gev



US 8,947,052 B2

Sheet 10 of 30

FIG.9

Feb. 3, 2015

U.S. Patent

v
llllllllllllllllllll _ U
IIIIIIIIIIIIIIIIIIIIII “ M “ m
- e e e - — = ] V nuu_ _ _m M
o > _
m l
e
] i i |
i ) 20— > T “
I 2 2 —
\ “ 3 _
¢ “ M _
| -—— IIHHHHI._.(U.,_ _
—= - JossorTos _ L2
LET AT X - S lwft N SoH2l “
W ] ! m % { 1 %AYW . =l i NMU AMU = _
N ! _n._u._AYﬁ L5 i | RNMW AMU VR WEm.nu HEm.nu L i
| B35 [B0] [egRy |1 ! Siale ziats) BTN ST o | | ]| <
L [BEQY] o o501 ' [ ? N | ) 2 _ :
o R /2N |1 - - O | o |
A 12 A\T 8 X A D5 || _
_ _ X - ny Ao {] | .
| - N . " a [
_ | . oy Y| o || - — N m | ! !
" | ¢ { | mlz.._..,_ m m m Ly nﬂ _ _ _
~ “ “ " ..&ofu h — lllllllllllll e | l“ —
“ — ? - el T B = et Iy e -
“ r. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 1IIIIJ_ -
-.I_I_ o I SN S AEE S M e ﬁl. ilill lj_l_lJ - e .ﬂz ﬂ — R - “
.&(. I- MMJ\ — N ”u
O — L = _ = O
m o - P
N M i _
3 M IIIIIIIII ull
M IIIIIIIIIIIIIIIIII
llllllllllllllllll _ .
IIIIIIIIIIIIIIIII __ ® 1_
— ¢ n,TL* M
lllllllllllllllllllll 3
3 z 3 ;
S m
m



U.S. Patent Feb. 3, 2015 Sheet 11 of 30 US 8,947,052 B2

FIG.10

~.-300A

23| !, VP 1HO INHI YO
“T VOLTAGE CHF

VO2 DETECT I ON
CIRGUIT GHA

VN [H] INHO VO3

BATZ2Z VP IHOINHI VO1

T | VOLTAGE CHF

DETECT | ON
Vo2 CIRCUIT 8&8

VN [HI INHO VO3

BATZ] VP [HOINHI VO

1
02 DETEL] 1N CHR
CIRCUIT GHA

VN |HI INHO VO3 v

<

---—-—--_““_—-_--—-—---—————-‘-__




US 8,947,052 B2

Sheet 12 of 30

Feb. 3, 2015

—emeeeea-{O

U.S. Patent

EOA

JHO
dHO

4H

av¢é

_--—-.-_-

¢d JOVL I0A
JONJ4 443

9¢

11N0Y19 AV1dd
JO4VHOS | d
~44A0

L/

F94VHIS | d
~44A0 194140

® C7 ¢dsS

JONV 1VE
1149 19414(

LINJY1D AVId
ALVNINYTL

JDUVHI

¢C

—\ -t

erd

Lvd

£¢

DNDYVHD 40 NOILVNIWYdL

193130 -u
X
LINJY1J

NO| LO414C
JOVLT0A

e

®
GvY <EbY
o 27hY
1 9S
brd < 1¥Y

_
_
_
_
!
_
|
i
|
i
|

11 OI1



US 8,947,052 B2

Sheet 13 of 30

Feb. 3, 2015

U.S. Patent

d3asv3iyon3ia sI
INTFHHNO FDHVHO ™S

_ _ NO SSVdAS

-

-

L
—— Y T TEEE S .

. . . A S . e Bl deshh el

|
|
|
|
|
b
;
:
i
——r e -

ot
12,

E—— T T W M HEA . T A T T T T S - NN AN S

e T—— EE— e T WS TEEE WS W W

1N0d

1100

¢O

1O

4HO

dHO

avo 1
40 NOILOANNOD

d394dVHO
Add11VE
140 NOILOINNOD

1¢1vdE 1130
10 JOVLIOA

1140 ddH10 A8 d3104d130 ST DONIDHVHO
40 NOLLVNING41 NJHM .0, SFNO0D3d TVYNDIS

¢l Ol

Muﬁ._o\, NOILLOIL13a IONY1vE 1130
'FOVLTOA ALYNINYIL FDUVHO



US 8,947,052 B2

Sheet 14 of 30

Feb. 3, 2015

U.S. Patent

2

q008--

e 1NOO dIDHVYHO AYIL1VE 40 NOILOINNOD LNOAW “ \
- _.HH-.“
|
| JDUVHD E NOH)! E E “
i |
| |
1 L{TN093 |
_ RIS ] | ot _
! — U . . _
AN 251507 | /N T “
_ 028~ | S b{Inoa _
“ g~ AN |

re” 0LE |
| *~—— 09¢€ Zie _
“ VNI | |
| |
LLE Lig

" vie I_c L “
| SSA o' o
i l
“ okt E0A OHNI IHI NA S
_ q1¢ Y Y v—19HO 11n2Y19 _ l g
| o———|¥HO NOI 19313a ZOA{ TOWN I
“ Kz +—4Hg 3IV1I0A LN i
“ [—1TOA IHNI OHI dA oA 1BYS 1 [IELVE
_ 0GE b == —-t
| 00t adaA e
) . -
I |
“ 1908 E N1H) E 20D o
' 0LE _ _ _ L
b e b mem_ e e S S .




U.S. Patent Feb. 3, 2015 Sheet 15 of 30 US 8,947,052 B2

: -
L ;
- 530 |
: : KHINHJT BOGT :,‘_;_300E
¢ = VDD :
im= === _ENA _ :
BAT53| !I $R53!™ t
— :. M53 !
f .
|
R :
|
:
HARG |
|
;N S, N, S N N T_J
520 !
2 G l
L.-300D
ENA '
BAT52| | ’?R52:"“"’52 :
GROUP — | M52 '
e :
.:_{' ) |
> — VSS :
] |
: DOUT COUT |
| KHON CHARGE !
| ]
L o o o o oo o o e i i b e for o omm fom s mm ohm s e o e e e el mr mar e e e mmr e e o
(e e gty g i P °_.
| 510 | !
. GO2HG | 1HKH INHJUT [HBOGT ;
| |
L..-300C
:r == 5y ENA :
BAT51| | =R51!™ .
A—— || M51 l
T NMGT :
':_ _.......: )
, VSS |
I ]
| DOUT ‘COUT. |
L"_1:-*1 r=——-
"""""""""""""""""""" Ty
MDOUT CONNECTION OF MCOUT

BATTERY CHARGER




U.S. Patent Feb. 3, 2015 Sheet 16 of 30 US 8,947,052 B2

Al I I S A A S S B A e el B e omipis Sk G SRR AR S N TR R O e D D L I I D D I A T G S A

.+ 300F

BATA43 VP [HO [NHI VO1

VDDELTTEA (? E chr
VO2"T|ON CHR
CIRCUITCHG

VN [HI [NHO VO3

Il 470
| ]
I ?

BAT42

VP THO INHI V01

VOLTAGE
GHF

DETEC—
VOZ"TION CHR
CIRCU! T cHG

VN {HI INHO VO3

GROUP

BATA41

VP IHO INHT V01

DETEC. CHF
VOZ"T 10N CHR

CIRCUITcHe
VN IHI INHO VO3

Tt

|
|
|
|
|
'
l
: 414
|
>
: . 440 +90
: DOUT 420
l \/ |LOGIC
. .
|
|
|
|
l
l
|
l
l

415

416
ENA

<

413 SHIFT

KHON CHARGE

T .. JT‘MDOUT CONNECTION OF MCOUT
| BATTERY CHARGER

LEVEL T

OuT

:—-———-_-—_m—-—--—_----——-——--_---_H““w

i
i
|




US 8,947,052 B2

Sheet 17 of 30

Feb. 3, 2015

U.S. Patent

FIG.16

o

eeeskie—

BATTERY CHARGER

|
_
15
1o
_ < 1= |8
K 5 PT8 -3
[} <© = _
_ 5 1t “
= _ K
" 0 ~ m K |
_ . il m
_ | = |
_ i 1
! 2 il 1
_ ; ﬁﬁ 1 N
- _ :
_ : , E
_ = 1 “ m
A = : E _.d. = E
_ : s N
l un _ m
_ i N _ &5
_ — N .l
_ - ] m | “
_ & _" . 0 E |
l _ 1E
“ = 111 % — %) > - % s _ i
| m ) _.UI a5 W 3w WUZBN VBM “ m
. \ g il M & an ...M.
“ ] lf i O nm m 2 mw L L= XL i : ;
0 Oll« = 1m T |= ar - iy |2 _ _
I = M 5N | © 1! _IQ..W AHS 1S _
| O 1= S |0 © © = _ - |rs .
u Vﬁnhu_ A_MM ._,._ -1 — — —R rllll_u llllll
| n._...w..M hl - 1.m._.nl | _ _ 5 TiE
_ 5-Cr|ns 11 o _ _ _ L o
) S l _% | 1 x _r|||| i _
_ _m 1 i L ._ : m
_ _ =2l -2l _ | - : :
_ gttt B dungion . : : A
— _ = _,m MM oa
_ 5 ; . Ull.l\
®
© & _.A.. :
O
> 2 SN = m
< = iy
& &
O
i
O



US 8,947,052 B2

Sheet 18 of 30

Feb. 3, 2015

U.S. Patent

i e

—O—(d Eep———— —,

_ _ e e
| | 39Y170A T
“ “ zo%zﬁﬁo«fz::wsﬁoo NO 103130 FONVIvE T ® | vg
| “ 7130 193130 LIMO¥ID SSVdAG|!H ==

_ “ nan B T Yo
“ M HOS 10 LINDYID SSYdAS 1 _
“ | 39V LTI0A JLYN WYL X dnoydd
| OL6 | J9UVHO 193130 4
. | 11 | £1v9
. Fo———=|=-==—== . | =
" B Ak 43 TI04INOD lLeg )
_ _IT_ | Ad3L1VY *
f * _ _ X
_ L ;| 1
| 0z6-~"| o | -
||||||||||||| DD § B
w3l fovorle | | |FIZIZZTTmmememees ettt e et L1014
S—
_ ONTLYTINSNI | [ NO119313G JINVIVE TImod 10 ssvara] ! == \
. U017 1140 193130 unz/ LT
|
I9Y110A NOI19313d thi

“ U08- JOHVHOS 1 G-H3AD LI1DH10 SSVdAL y
| . 193130
_ dNoYD
!
_
_
_
_
|
l
_
!
I
i

|
l
l
|
|
4_
_ JOVLI0A JLYNIWNAL
_ J0VHY 193130
B _ LINoY¥ID SSVdAS
! F
“ YA TIOMLINOD | | /
> | AN3L1VY |
| |
| |
a W |
wrd 0L IN L _ J1




U.S. Patent Feb. 3, 2015 Sheet 19 of 30 US 8,947,052 B2
755 | 700
750 /
>—o VDD 190
VP GN G3N
VOLTAGE
© DETEGT 10N SN 1
e ot i
BATS conversion O 1111V O8]
& LATCHVO2 l-. V032
VN V03 VO33
ENCODER,
DECODER &
VOLTAGE
LEVEL
CONVERSION
o ——@ VBAT2 780
- 4:’230 VP GN G2N
VOLTAGE
| SR731 ODETECTION O
| s o
BATZ2 ’ | CONVERS | DNV01 VO21
i | ; NMG2 & LATCHVO2 V022
—-t--- V0O23
®*— VBAT1
.-720 VP  GN G1N
vl VOLTAGE
' SR721 OpetEcTion SN SN
e g RS e
BAT1] ' Y5 ! VO1 VO1t
s CONVERSION
: 1 E NMGH & LATCHV02 VO12
'-P--' VN V03 VO13
® VSS
/ - 7160
CHIP — ADR] Pi%F}gﬁll__EL
SELECT| L.SR2 ADRZ " ~GNVERSION
ADR3 CIRCUIT




US 8,947,052 B2

Sheet 20 of 30

Feb. 3, 2015

U.S. Patent

HOLYT %
NO| SHIANOD
aElER

TYND IS |
S dA 01d J9VYLI0A FONIYI43Y "
|
| [LL JD4YHOS | @ !
| -¥3A0 193130 6VY ovy eVY |
_ LIN2Y1D AV13a ® !
EOA \) T94VHOS |1 d \ i
_ | ~43A0 ‘,_ 8VH |

i
“ _ G/ / AL m
“ JONYIVE 17130 | | _
| 193130 “
JORVTVE 1430 ¥ “

@,

GVY m
eLL AL _
ONT9YVH) 0 Y an "
NO | LVNIW43L _
L1noYI9 Ay7ag| 1931 | “
LOA IV REN “
_ 39UYHI "
< |

i
0LL”" 2Ll “
| “
_ _
_ ,
_ _

61 Ol



US 8,947,052 B2

Sheet 21 of 30

Feb. 3, 2015

U.S. Patent

NA_

- —— e ——— l..-_-l..l_.l-.ull..l.l__ﬂ

| I




U.S. Patent Feb. 3, 2015 Sheet 22 of 30 US 8,947,052 B2

FIG.21

68666 66

+— SN ™
<« RN L
e GnN

—BAT?2

—BAT3
— ENA

—RESET

— GHIP

— CM2
— CM3

— CM1 .

— SRT




US 8,947,052 B2

Sheet 23 of 30

Feb. 3, 2015

U.S. Patent

L1IN0dI0 NOISHJANOD 134 11VdVd-1VI4dS Ol
/ TN

| |
TEOA 1¢0A

L FOA— <

. -
R
—Ng9
| | ZOA—
_ (
4300030 m _ m LINOYIO
NOY m m NOILO313a
m | " JOVLI0A
N LB _ NOYA
| L-UOA-
N —NUub
LUDA— 7




U.S. Patent Feb. 3, 2015 Sheet 24 of 30 US 8,947,052 B2

FI1G.23

HIGH VOLTAGE
'@ E> dé‘ PMOS

HIGH VOLTAGE
O Ly - han

2 ﬁ> CONSTANT-CURRENT SOURCE LOAD



U.S. Patent Feb. 3, 2015 Sheet 25 of 30

FI1G.24

START
%_) 52401

WHEN CHIPADR=0, BATADR=0, AND BATTERY

CHARGER IS CONNECTED, CHIPADR AND
BATADR OF CELL STORED IN PREVIOUS
CHARGING IS SENT TO SWITCH BYPASS-ON
AND START CHARGING

US 8,947,052 B2

CHIPADR:
CHIP ADDRESS

s

52402

SEND EACH COMMAND, RECEIVE DETECTED
RESULT, BASED ON CHIPADR AND BATADR
BATADR+1 -> BATADR

S2
BATTERY LOAD
CHARGER / LOAD CONNECTED?

403

BATTERY CGHARGER 404

S2
CELL
BALANCE DETECTION VOLTAGE?
@ S2405

YES 52406
STORE ADDRESS OF CELL

NO

NO 52407
BATADR IS LAST VALUE?

BATADR:
- BATTERY ADDRESS

DISCHARGE
DETEQCTED

| [
BATADR=0 LOWER THAN
nggﬁAReE
NO CHARGE 52409 VOLTAGE
TERMINATE DETECTED?
WHEN BATTERY VOLTAGE YES
EXCEEDS CHARGE $9410 S2412
TERMINATE VOLTAGE v L —
TERMINATE CHARGING, TERMINATE
- BYPASS-OFF DISCHARGING

23

(_END )




U.S. Patent Feb. 3, 2015 Sheet 26 of 30

FIG.25
( START )

pe /_/82501

WHEN CHIPADR=0, BATADR=0, AND BATTERY
CHARGER IS CONNECTED, CHIPADR AND
BATADR OF CELL STORED IN PREVIOUS

CHARGING IS SENT TO SWITCH BYPASS-ON

AND START CHARGING

’é 82502

SEND EACH COMMAND, RECEIVE DETECTED
RESULT, BASED ON CHIPADR AND BATADR
BATADR+1 -> BATADR

52503

BATTERY CHARGER S2504
CELL

BALANCE DETECTION VOLTAGE?

YES /,_/82506
STORE ADDRESS OF CELL

S2505
FIRST CELL IN GROUP?

US 8,947,052 B2

CHIPADR:

CHIP ADDRESS
BATADR:

| BATTERY ADDRESS

BATTERY LOAD
CHARGER / LOAD CONNEGTED?

[ 'BATADR=0

S2507
BATADR IS LAST VALUE?
YES S2908

82509
CHIPADR IS LAST VALUE? /_/3251 3

$2510| CHIPADR+1 -> CHIPADR |

| CHIPADR=0

NO

CHARGE »S523911
TERMINATE DETECTED?

WHEN BATTERY VOLTAGE:
EXCEEDS CHARGE
TERMINATE VOLTAGE |

TERMINATE CHARGING,
BYPASS-OFF

82512

TERMINATE
DISCHARGING

END




US 8,947,052 B2

Sheet 27 of 30

Feb. 3, 2015

U.S. Patent

J
|
9
| UNo 1 T¥D INNNOD 1
! | DNTLVINSN i ...HI E<mJ
_ _ 1]
_ e
_ | 1 1zlve
| “ b T I
_ | HITI0HLNOD 1 404D
| V016 “ INSETNR: Lo
! ! f e 1vd
| Fm—— = ———— 1] LINOY¥1D SSVdAg |y | ==
_ * _ ' OpL— RPN
L L s | 1
“ ! | | | _“
. ! _ , I
0z T[T T V00L e
| be-=--Zz---o-o---zZzZZzZzozZzDzZzZzZzzzzz-=--=ozso 4 9¢ 914
Euﬂun_d._'_o Q{OI_ i G T T j.-l_ ¢
AY3LLYE | 1| 11N9819 )
“ LINO | 1Y | NNIWWOD . )
| LNV NS ——— L INDYID SSVdAQ| ! ==
i | _upl/ 02l |_."M\
I i . !
_ _ LINQYID SSYdAG |1 ==
! UY/008- ! HU0EL | u
_ _ HIT10H1LNOD 1 dNOYH
!
m m AY3L1VE : ’
_
_ | GOy LLINOUID SsvdAg |},
I l
| “ "_H &
_ _ Y
| | /|
| | |
B wal UY00L Hp
0z Ol | Lo Yoo T o ________ T
—O—e (e f s




U.S. Patent Feb. 3, 2015 Sheet 28 of 30 US 8,947,052 B2

FIG.27
700A
e L--T90A JEEA
: 785 | °
@ ® VDD *—
1740 : VoD
r | i 790A
/-/
| SR74: | VP
AATIT | M74! '| SIGNAL SN
| M+ NMG3 O cguverR GNe— G3N
| | Il —=SIONRN
e sy
l
|
|
! VOLTAGE
| CONVER
| 310N
: CIRCUIT
| DECODER &
——e————vBT2 |1 VDA
|
: _780A CONVERS | ON
l VP
| S SN
M0 conver GN* H G2N
|  =SION RN
VN
i pi A
r | CHFN
= ), S S o
 HTLMMILEO couven O GIN
l l —
tfm == I VN
VEs e vss
CORSION
760A
ADR] ADRT P;SA%E}\IGI__IEL SCLK SCLK
ADRZ iggg CONVERSION ~ S© -
ADR3 - CIRCUIT SI .




US 8,947,052 B2

Sheet 29 of 30

Feb. 3, 2015

U.S. Patent

08L

ddA



U.S. Patent Feb. 3, 2015 Sheet 30 of 30 US 8,947,052 B2

F1G.29

5686606 64

<+— CHFN - ™M1 ™
> COVN T\ e/ T TN I\ . Y
- SN_..._._ I, L, . N, Y, S, VY, N, X @
<——RN PN N ®
PP E— GNN e h i 1\-- ..... ] R ] e \_I
< G AN e e e e e e
E ISR S ! :::::Ii:::::':::::ii::::i:::;“"
; ISR ! et N ::::::::::l:::;'“ |
| B N e’ S ‘ I
G3N____: ................................ . I
<+— G2N ®
GIN |
—BATT D Q
E QN ™~ I
; I
—BAT2 D Q ‘ l
E QN -
R
—BAT3 D Q O
—ENA E QN
R
—RESET—
. —
— CHIP A=

— CM2 0 — 5
— CM3 ¥

—CM1 — —e{>0

— SRT — CY( )
— COVL— — a
— CHFL — —_—




US 8,947,052 B2

1

CHARGE-DISCHARGE CONTROL CIRCUIT,
SEMICONDUCTOR INTEGRATED CIRCUIT,
METHOD OF CONTROLLING CHARGING
AND DISCHARGING

TECHNICAL FIELD

The present invention relates to a charge-discharge control
circuit that controls charging and discharging of a secondary
battery including plural cells, a semiconductor integrated cir-
cuit on which the charge-discharge control circuit 1s mounted,
a method of controlling charging and discharging by the
charge-discharge control circuit, and a charging and discharg-
ing control program.

BACKGROUND ART

There exists a battery pack of a secondary battery using a
lithium 10n battery or the like configured by plural secondary
batteries (heremafter, referred to as “cell”) connected in
series. For such a battery pack, when the voltage difference
between cells becomes large by repeating charging and dis-
charging, seli-discharge or the like, the capacity balance
between the cells (heremafter, referred to as “cell balance™)
may not maintained. When the cell balance 1s not maintained,
the charging capacity capable of being used as a battery pack
1s lowered to decrease efficiency of charging and discharging.

Further, when charging and discharging are repeated while
the cell balance 1s not maintained, the voltage difference
between cells becomes larger so that there may be a case that
the cell having the voltage near the overcharge voltage and the
cell having the voltage near the over-discharge voltage are
provided in the battery pack. Thus, a situation occurs that the
battery pack cannot be charged or discharged even though the
individual cells are not deteriorated.

Therefore, a function for maintaining the cell balance 1s
necessary for the battery pack including plural cells.

FIG. 1 1s a diagram for explaining a conventional charge-
discharge control circuit. A conventional charge-discharge
control circuit 50 controls charging and discharging of a
battery pack by controlling ON/OFF of a transistor for con-
trolling charging MDOU'T that controls charging of the bat-
tery pack and a ftransistor for controlling discharging
MDOUT that controls discharging from the battery pack.

In the battery pack, cells BAT1 to BAT3 connected 1n series
and a voltage detection circuit 70 that detects the voltage of
the cells BAT1 to BAT3 are provided. The voltage detection
circuit 70 1s composed of voltage detection circuits 10, 30 and
35 respectively provided for the cells BAT1 to BAT3. The
voltage detection circuits 10, 30 and 33 have the same struc-
ture. The voltage detection circuits 10, 30 and 35 detect that
the voltages of the cells BAT1 to BAT3 reach an overcharge
detection voltage or an over-discharge detection voltage,
respectively.

When one of the cells BAT1 to BAT3 1s detected to reach
the overcharge detection voltage, a charge terminate signal
indicating to terminate charging of the battery pack 1s output
from the NOR circuit 18 via a level shift circuit 19. By the
charge terminate signal, the transistor for controlling charg-
ing MCOUT 1s switched off to terminate charging of the
battery pack.

Further, when one of the cells BAT1 to BAT3 1s detected to
reach the over-discharge detection voltage, a discharge ter-
minate signal indicating to terminate discharging from the
battery pack 1s output from an AND circuit 17. By the dis-
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charge terminate signal, the transistor for controlling dis-
charging MDOUT 1s switched off to terminate discharging

from the battery pack.

Further, for the cells BAT1 to BAT3, bypass circuits 20, 40
and 60 are respectively provided to be 1n parallel with the
corresponding cells BAT1 to BAT3. The bypass circuits 20,
40 and 60 have the same structure. The bypass circuit 20 1s
composed of a resistor Ra and a switch element 21 which are
connected 1n series. The charge-discharge control circuit 50
controls the switch element 21 of the bypass circuit 20 based
on the voltages of the cells BAT1 to BAT3 detected by the
voltage detection circuits 10, 30 and 35 to decrease the volt-
age difference between cells.

FIG. 2 1s a diagram showing the voltage detection circuit.

The voltage detection circuit 10 corresponds to the cell BAT1.
As the voltage detection circuits 30 and 35 have the same
structure as the voltage detection circuit 10, explanation 1s not
repeated.
The voltage detection circuit 10 includes a comparator 11,
a charge terminate delay circuit 12, a comparator 13, a cell
balance delay circuit 14, a comparator 15, and an over-dis-
charge delay circuit 16. The bypass circuit 20 1s connected
with the cell BAT1 1n parallel.

The comparator 11 detects the termination of charging of
the cell BAT1. The charge terminate delay circuit 12 outputs
a charge terminate signal that terminates charging of the
battery pack after being delayed for a predetermined period
when the overcharge 1s detected by the comparator 11. The
comparator 13 detects that the voltage of the cell BAT1
reaches a cell balance detection voltage VEAL, and detects
that the voltage of the cell BAT1 is lowered to a cell balance
detection voltage VBAU. The cell balance delay circuit 14
outputs a control signal that causes the switch element 21 to
be switched on after being delayed for a predetermined period
when the voltage of the cell BAT1 becomes the cell balance
detection voltage VBAL. The over-discharge delay circuit 16
outputs a discharge terminate signal that terminates discharg-
ing from the battery pack atter being delayed for a predeter-
mined period when the comparator 15 detects the over-dis-
charge. The overcharge detection voltage, the cell balance
detection voltage and the over-discharge detection voltage are
set by resistors R.

When the switch element 21 1s switched on 1n the bypass

circuit 20, the current 1s divided so that the charge current that
flows through the cell BAT1 1s reduced. Similarly for the

other cells BAT2 and BAT3, when each of the cells BAT2 and
BAT3 reaches the cell balance detection voltage, the current 1s
divided to reduce the charge current that flows through the
corresponding cell BAT2 or BAT3 to decrease the voltage
difference between cells.

In addition to the example shown 1n FIG. 2, Patent Docu-
ment 1, for example, discloses a cell voltage equalizing appa-
ratus for a battery pack capable of performing equalization
even when the difference between the voltages of the cells 1s
large. Further, Patent Document 2 discloses a method capable
of appropriately and safely controlling charging of secondary
batteries connected in series to prevent shortening of the
lifetime of the batteries. Further, Patent Document 3 discloses
a method 1n which a cell whose voltage 1s higher 1s detected
among plural cells and, the detected cell 1s discharged by a
discharging circuit provided 1n the battery pack to equalize
the cell balance.

PATENT DOCUMENT

[Patent Document 1] Japanese Laid-open Patent Publication
No. 2006-121776
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| Patent Document 2] Japanese Laid-open Patent Publication
No. HO7-876773

| Patent Document 3] Japanese Laid-open Patent Publication
No. 2008-295250

DISCLOSURE OF THE INVENTION

For the above described charge-discharge control circuit,
as the charge current 1s divided to be decreased for all of the
cells whose voltage reaches the cell balance detection volt-
age, there 1s a case when the voltage difference between cells
cannot be sufficiently reduced. Further, by increasing the
current (heremafter, referred to as “bypass current”) to be
divided to the bypass circuit 20 1n order to compensate for
this, the charge current 1s further decreased so that more time
1s necessary to complete charging. Further, if the bypass
current 1s not mcreased and the period at which the switch
clement 21 of the bypass circuit 20 1s switched on 1s extended,
it 1s necessary to extend the period at which the switch ele-
ment 21 1s switched on to a discharging period where the
voltages of the other cells are decreased to be another prede-
termined voltage.

Thus, 1n the conventional charge-discharge control circuit,
in order to suificiently decrease the voltage difference
between cells, 1t 1s necessary for the current to be supplied to
the bypass circuit 20 not only at charging but also at discharg-
ing. Therefore, the current which should be supplied to a load
1s consumed by the bypass circuit 20 to reduce the efficiency
of use of the electric charge stored 1n the cells.

Further, for the conventional charge-discharge control cir-
cuit, as the cell whose charging capacity 1s the smallest
always reaches the charge terminate voltage first, the cell
which becomes the maximum voltage may be fixed for every
charging period. Thus, the deterioration of the battery pack 1s
concentrated on the specific cell to cause areduction of capac-
ity and lowering of the lifetime of the battery pack.

The present mnvention 1s made 1n light of the above prob-
lems, and provides a charge-discharge control circuit, a semi-
conductor integrated circuit, amethod of controlling charging
and discharging, and a charging and discharging control pro-
gram capable of improving elliciency of use of the electric
charge stored in the cells and extending the lifetime of the
battery pack.

In order to achieve the above purpose, the following struc-
tures are provided.

According to an embodiment, there 1s provided a charge-
discharge control circuit (300, 300A to 300H) for controlling
charging and discharging of a secondary battery including
plural cells (BAT1 to BAT3, BAT21 to BAT23, BAT41 to
BAT43, BATS1 to BATS53, BAT61 to BAT66), including,

a cell balance detection circuit (111, 131, 23) that detects
that a voltage of the cell reaches a predetermined voltage,

amemory circuit (113, 133, 248, 24C) that stores a cell that
reaches the predetermined voltage first among the plural cells
(BAT1to BAT3, BAT21 to BAT23, BAT41 to BAT43, BAT51
to BAT53, BAT61 to BAT66),

bypass circuits (120, 140, 160, 21 to 23, 31,41 to 43, 51 to
53, 61 to 66) respectively connected to the plural cells 1n
parallel, each of the bypass circuits including a switch unit
(M1 to M3, M21 to M23, M31, M41 to M43, M51 to M33,
Mé61 to M66) for bypassing the current that flows through the
corresponding cell when charging, and

a control circuit (116, 136, 24D) that controls the switch
units (M1 to M3, M21 to M23, M31, M41 to M43, M51 to
M53, M61 to M66),

wherein the control circuit (116, 136, 24D) controls the
switch unit based on the cell stored 1n the memory circuit
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(113, 133, 24B, 24C) so that an ON/OFF status of the switch
unit (M1 to M3, M21 to M23, M31, M41 to M43, M51 to
M53, Mé61 to M66) 1s maintained from a start to an end of a
next charging operation subsequent to a charging operation
during which the cell 1s stored 1n the memory circuait.

According to the charge-discharge control circuit of the
embodiment,

the control circuit (116, 136, 24D) switches on the switch
unit (M1 to M3, M21 to M23, M31, M41 to M43, M51 to
M53, M61 to M66) of the bypass circuit (120, 140, 160, 21 to
23,.31,41t043, 51 t0 53, 61 to 66) connected to the cell which
1s stored 1n the memory circuit (113, 133, 248, 24C) when the
next charging operation subsequent to the charging operation
during which the cell 1s stored in the memory circuit (113,

133, 24B, 24C) 1s started.

Further, according to the charge-discharge control circuit
of the embodiment, the predetermined voltage 1s a charge
terminate voltage that detects termination of charging the
cells.

The charge-discharge control circuit of the embodiment
further includes,

an over-discharge detection circuit (114, 134, 25) that
detects that a voltage of the cell becomes lower than or equal
to a predetermined voltage;

a discharge control circuit (115, 135, 210, 26, 211) that
controls discharging of the cells based on the detected result
by the over-discharge detection circuit (114, 134, 25);

a charge termination detection circuit (21) that detects that
a voltage of the cell becomes higher or equal to a charge
terminate voltage; and

a charge control circuit (112, 132, 220, 22, 212) that con-
trols charging of the cells based on the charge termination
detection circuit (21) or the cell balance detection circuit
(111, 131).

Further, the charge-discharge control circuit of the embodi-
ment further includes,

a transistor for controlling discharging (MDOUT) for
which ON/OFF 1s controlled based on the detected result by
the over-discharge detection circuit (114, 134, 25); and

a transistor for controlling charging (MDOUT) for which
ON/OFF 1s controlled by the charge control circuit (112, 132,
220, 22, 212).

According to an embodiment, there 1s provided a semicon-
ductor integrated circuit (200, 200A, 250, 370,470, 510, 520,
530, 640, 660) for controlling charging and discharging of a
secondary battery including plural cells (BAT1 to BATS,
BAT21 to BAT23, BAT41 to BAT43, BATS1 to BATS3,
BAT61 to BAT66), including,

a cell balance detection circuit (111, 131, 23) that detects
that a voltage of the cell reaches a predetermined voltage;

a memory circuit (113, 133, 248, 24C) that stores the cell
that reaches the predetermined voltage first among the plural
cells; and

a control circuit (116, 136, 24D) that controls switch units
(M1 to M3, M21 to M23, M31, M41 to M43, M51 to M33,
Mé61 to M66) of bypass circuits (120, 140, 160, 21 to 23, 31,
41 to 43, 51 to 53, 61 to 66), cach of the bypass circuits
including the switch unit for bypassing the current that flows
through the corresponding cell when charging;

wherein the control circuit (116, 136, 24D) controls the
switch unit based on the cell stored in the memory circuit
(113, 133, 24B, 24C) so that an ON/OFF status of the switch
unit (M1 to M3, M21 to M23, M31, M41 to M43, MS51 to
M53, Mé61 to M66) 1s maintained from a start to an end of a
next charging operation subsequent to a charging operation
during which the cell 1s stored 1n the memory circuit.
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Further, the semiconductor integrated circuit includes the
plural bypass circuits (120,140,160, 21t023,31,41t0 43,51

to 53, 61 to 66).

According to an embodiment, there 1s provided a method
of controlling charging and discharging by a charge-dis-
charge control circuit (300, 300A to 300H) that controls

charging and discharging of a secondary battery including
plural cells (BAT1 to BAT3, BAT21 to BAT23, BAT41 to

BAT43, BATS1 to BAT53, BAT61 to BAT66), including,

a cell balance detecting step (111, 131, 23) of detecting that
a voltage of the cell reaches a predetermined voltage;

a storing step (113, 133, 24B, 24C) of storing the cell in a
memory circuit that reaches the predetermined voltage first
among the plural cells the plural cells; and

a controlling step (116, 136, 24D) of controlling switch
units (M1 to M3, M21 to M23, M31, M41 to M43, MS51 to
M53, M61 to M66) of bypass circuits (120, 140,160, 21 to 23,
31, 41 to 43, 51 to 53, 61 to 66), cach of the bypass circuits

including the switch unit for bypassing the current that flows
through the corresponding cell when charging;

wherein in the controlling step (116, 136, 24D), the switch
unit (M1 to M3, M21 to M23, M31, M41 to M43, M51 to
M53, M61 to M66) 1s controlled based on the cell stored 1n the
storing step (113,133, 24B, 24C) so that an ON/OFF status of
the switch unit (M1 to M3, M21 to M23, M31, M41 to M43,
M51 to M53, M61 to M66) 1s maintained from a start to an
end of a next charging operation subsequent to a charging
operation during which the cell 1s stored 1n the memory circuit
(113, 133, 24B, 24C).

According to an embodiment, there 1s provided a charging
and discharging control program executed in a protection
module,

the protection module (900) including:

a charge-discharge control circuit (800 to 8007) that
includes a cell balance detection unit (773) detecting that a
voltage of a battery including plural cells reaches a predeter-
mined voltage, and controls charging and discharging of the
plural cells; and

a processing unit (910) that controls the charge-discharge
control circuit (800 to 800x),

the program including having the processing unit (910)
execute:

a detected result recerving step (S2402) of receiving a
detected result by the cell balance detection unit (773);

a storing step (S2406) of storing the cell in a memory area
of the processing unit (910) that reaches the predetermined
voltage first among the plural cells the plural cells; and

a controlling step of controlling switch units (M72, M73,

M74) of bypass circuits (720, 730, 740), each of the bypass
circuits (720, 730, 740) including the switch unit (M72, M73,
M74) for bypassing the current that flows through the corre-
sponding cell when charging;

wherein 1n the controlling step, the switch unmit (M72, M73,
M74) 1s controlled based on the cell stored 1n the storing step
so that an ON/OFF status of the switch unit (M72, M73, M74)
1s maintained from a start to an end of a next charging opera-
tion subsequent to a charging operation during which the cell
1s stored in the memory area.

According to an embodiment, there 1s provided a charging
and discharging control program executed in a protection
module,

the protection module including:

a charge-discharge control circuit (800A to 800An) that
includes a voltage monitor unit (700A to 700An) monitoring
voltages of plural cells, and controls charging and discharging,
of the plural cells; and
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a processing unit (910A) that controls the charge-discharge
control circuit (800A to 800An),

the program including having the processing unit (910A)
execute:

a cell balance detection step of receiving voltage monitored
by the voltage monitor unit (700A to 700 An) from the charge-
discharge control circuit, and detecting whether the voltage
reaches a predetermined voltage;

a storing step of storing the cell in a memory area of the
processing unit that reaches the predetermined voltage first
among the plural cells the plural cells; and

a controlling step of controlling switch units (M72, M73,
M74) of bypass circuits (720, 730, 740), ecach of the bypass
circuits (720, 730, 740) including the switch unit (M72, M73,
M74) for bypassing the current that flows through the corre-
sponding cell when charging;

wherein 1n the controlling step, the switch unit (M72, M73,
M74) 1s controlled based on the cell stored in the storing step
so that an ON/OFF status of the switch umit (M72, M73, M74)
1s maintained from a start to an end of a next charging opera-
tion subsequent to a charging operation during which the cell
1s stored 1n the memory area.

The above reference numerals are just for example and the
present invention 1s not limited to by them.

According to the embodiment, it 1s possible to 1mprove
eificiency of use of the electric charge stored 1n the cells and
extend the lifetime of the battery pack.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a diagram for explaining a conventional charge-
discharge control circuit;

FIG. 2 1s a diagram showing a conventional voltage detec-
tion circuit;

FIG. 3 1s a diagram for explaining a charge-discharge con-
trol circuit of a first embodiment;

FIG. 4 1s a diagram for explaining a voltage detection
circuit of the first embodiment:;

FIG. 5 1s a diagram for explaining an operation of the
charge-discharge control circuit of the first embodiment;

FIG. 6 A 1s a first diagram that shows a result comparing the
charge-discharge control circuit of the first embodiment and
the conventional charge-discharge control circuit;

FIG. 6B 1s a second diagram that shows a result comparing,
the charge-discharge control circuit of the first embodiment
and the conventional charge-discharge control circuit;

FI1G. 7 1s adiagram 1n which charging time and discharging
time of the conventional charge-discharge control circuit and
charging time and discharging time of the charge-discharge
control circuit of the first embodiment are compared;

FIG. 8 1s a diagram in which an average voltage value o the
cells of the conventional charge-discharge control circuit and
an average voltage value of the cells of the charge-discharge
control circuit of the first embodiment are compared;

FIG. 9 1s a diagram for explaining an example 1n which
bypass circuits are included 1nside an 1C;

FIG. 10 1s a diagram for explaining a charge-discharge
control circuit of a second embodiment;

FIG. 11 1s a diagram for explaining a voltage detection
circuit of the second embodiment;

FIG. 12 1s a timing chart for explaining an operation of the
voltage detection circuit of the second embodiment;

FIG. 13 1s a diagram for explaining a charge-discharge
control circuit of a third embodiment:

FIG. 14 1s a diagram for explaining controlling charging
and discharging of the plural cells using the charge-discharge
control circuit of the third embodiment;
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FIG. 15 1s a diagram for explaming a charge-discharge
control circuit of a fourth embodiment:

FIG. 16 1s a diagram for explaiming controlling charging
and discharging of the charge-discharge control circuit of the
fourth embodiment;

FIG. 17 1s a diagram for explaining a charge-discharge
control circuit of a fifth embodiment;

FIG. 18 1s a diagram for explaining a battery controller of
the fifth embodiment:

FIG. 19 1s a diagram for explaining a voltage detection
circuit of the fifth embodiment:;

FIG. 20 1s a diagram showing an example of a level con-
version circuit of the fifth embodiment;

FIG. 21 1s a diagram showing an example of a decoder
included 1n the voltage level conversion circuit of the fifth
embodiment;

FIG. 22 1s a diagram showing an example of an encoder
included 1n the voltage level conversion circuit of the fifth
embodiment;

FIG. 23 1s a diagram for explaining marks or symbols
shown 1n FIG. 21 and FI1G. 22;

FI1G. 24 1s a first flowchart for explaining the operation of
the MPU of the fifth embodiment;

FIG. 235 15 a second flowchart for explaining the operation
of the MPU of the fifth embodiment:

FI1G. 26 1s a view for explaining a charge-discharge control
circuit of a sixth embodiment;

FIG. 27 1s a view for explaiming a battery monitor of the
sixth embodiment;

FIG. 28 1s a diagram showing an example ol a voltage
conversion circuit of the sixth embodiment; and

FIG. 29 1s a diagram showing an example of a decoder
included in the voltage level conversion circuit of the sixth
embodiment.

DESCRIPTION OF MARKS AND NUMERALS

100, 110, 130, 150, 240, 260, 270, 280: VOLIAG!
DETECTION CIRCUIT
300,300A to 300H: CHARGE

CIRCUIT
200, 200A, 250, 370, 470: SEMICONDUCTOR INT.
GRATED CIRCUIT

L1

-DISCHARGE CONTROL

(L.
|

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In this embodiment, the identity of a cell which reaches a
predetermined voltage 1s stored (or recorded), and a switch
clement of a bypass circuit corresponding to the stored cell 1s
switched on at a next charging operation.

First Embodiment

The first embodiment 1s described with reference to draw-
ings. FIG. 3 1s a diagram for explaining a charge-discharge
control circuit of the first embodiment.

A charge-discharge control circuit 300 of the embodiment
1s connected between plural cells which are connected 1n
series and a load, and controls charging and discharging of the
plural cells. The charge-discharge control circuit 300 of the
embodiment controls charging and discharging of the plural
cells by controlling ON/OFF of a transistor for controlling
charging MCOUT and a transistor for controlling discharging
MDOUT connected 1n series between an anode side of the
plural cells and an anode side of the load.
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The charge-discharge control circuit 300 of the embodi-
ment includes a voltage detection circuit 100, bypass circuits

120, 140 and 160, an AND circuit 210, a NOR circuit 220, an
INV circuit 221, and a level shift circuit 230.

The voltage detection circuit 100 includes plural voltage
detection circuits 110, 130 and 150 respectively provided for
the plural cells composing a battery pack. The voltage detec-
tion circuit 110 1s connected to the bypass circuit 120, and the
bypass circuit 120 1s connected to a cell BAT1 1n parallel. The
voltage detection circuit 130 1s connected to the bypass circuit
140, and the bypass circuit 140 1s connected to a cell BAT2 1n
parallel. The voltage detection circuit 150 1s connected to the
bypass circuit 160, and the bypass circuit 160 1s connected to
the cell BAT3 1n parallel.

The voltage detection circuits 110, 130 and 150 of the
voltage detection circuit 100 have the same structure, respec-
tively. Further, the bypass circuits 120, 140 and 160 have the
same structure, respectively. Therefore, in the following of
the embodiment, only the voltage detection circuit 110 and
the bypass circuit 120 connected to the cell BAT1 are
explained.

The bypass circuit 120 of the embodiment 1s composed of
a resistor R1 and a switch element M1 connected 1n series.
Similar to the bypass circuit 120, the bypass circuit 140 1s
composed of a resistor R2 and a switch element M2 con-
nected 1n series, and the bypass circuit 160 1s composed of a
resistor R3 and a switch element M3 connected 1n series.

The AND circuit 210 outputs a control signal that controls
ON/OFF of the ftransistor for controlling discharging
MDOUT. The NOR circuit 220 outputs a control signal that
controls ON/OFF of the transistor for controlling charging
MCOUT. The level shift circuit 230 shifts a level of the
control signal output from the NOR circuit 220. The INV
circuit 221 1nverts an output from the NOR circuit 220 to be
supplied to CLK terminals of the voltage detection circuits
110, 130 and 150, respectively.

For the charge-discharge control circuit 300 of the embodi-
ment, the voltage detection circuit 100, the AND circuit 210,
the NOR circuit 220, the INV circuit 221 and the level shift
circuit 230 may be mounted on a semiconductor integrated
circuit 200.

FIG. 4 1s a diagram for explaining the voltage detection
circuit of the first embodiment. FIG. 4 shows an example of
the voltage detection circuit 110 that detects a voltage of the
cell BAT1. The voltage detection circuit 110 of the embodi-
ment controls a charge current that flows through the cell
BAT1 by controlling ON/OFF of the switch element M1 of
the bypass circuit 120 based on the voltage of the cell BAT1.

Similar to the voltage detection circuit 110, the voltage
detection circuit 130 of the embodiment controls a charge
current that flows through the cell BAT2 by controlling
ON/OFF of the switch element M2 of the bypass circuit 140.

For the voltage detection circuit 110 of the embodiment, a
cell balance detection voltage which 1s lower than an over-
charge detection voltage 1s set, and when the voltage of the
cell BAT1 reaches the cell balance detection voltage, the cell
BAT1 1s stored in the memory circuit 113, and at the same
time, charging of the battery pack 1s terminated. It means that
in this embodiment, the cell balance detection voltage also
functions as a charge terminate voltage.

Further, in this embodiment, among all of the cells
included 1n the battery pack, a cell which reaches the cell
balance detection voltage first 1s stored, and a charge current
for the stored cell 1s controlled to be decreased 1n a next
charging cycle.

The voltage detection circuit 110 of the embodiment
includes a comparator 111, a charge terminate delay circuit
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112, a memory circuit 113, a comparator 114, an over-dis-
charge delay circuit 115, an AND circuit 116, resistors R10 to
R13 and a reference voltage D1.

In the voltage detection circuit 110 of the embodiment, the
comparator 111 detects a status when the voltage of the cell
BAT1 becomes the cell balance detection voltage. An output
from the charge terminate delay circuit 112 1s supplied to an
input of the NOR circuit 220. When the voltage of the cell
BAT1 reaches the cell balance detection voltage, the charge
terminate delay circuit 112 outputs a charge terminate signal
that terminates charging of the battery pack including the cell
BAT1 after being delayed for a predetermined period. The
charge terminate signal 1s supplied to the gate of the transistor
for controlling charging MCOUT wia the level shift circuit
230 to switch off the transistor for controlling charging
MCOUT to terminate charging of the battery pack.

The memory circuit 113 stores the cell BAT1 when the cell
BAT1 reaches the cell balance detection voltage first among
the plural cells. An output from the memory circuit 113 1s
supplied to one of the mputs of the AND circuit 116. A
charging cycle signal indicating starting of a next charging
operation 1s input to the other of the inputs of the AND circuit
116. An output of the AND circuit 116 1s supplied to the gate
of the switch element M1. Here, the charging cycle signal
may be provided from the outside of the semiconductor inte-
grated circuit 200. Further, the switch element M1 of the
embodiment 1s a MOS transistor.

In the voltage detection circuit 110 of the embodiment, the
resistor R10 and the resistor R11 are connected 1n series
between the cathode and the anode of the cell BAT1. Simi-
larly, the resistor R12 and the resistor R13 are connected 1n
series between the cathode and the anode of the cell BAT1.

The comparator 111 1s configured such that a non-inverting,
input terminal (positive mput terminal) 1s connected to a
connecting point of the resistor R10 and the resistor R11,
while an inverting input terminal (negative mput terminal) 1s
connected to the reference voltage D1 and detects whether the
voltage of the cell BAT1 reaches the cell balance detection
voltage. The reference voltage D1 1s connected to the anode
ol the cell BAT1. An output of the comparator 111 1s supplied
to the charge terminate delay circuit 112 and the memory
circuit 113.

The charge terminate delay circuit 112 outputs the charge
terminate signal that terminates charging of the cells included
in the battery pack after being delayed for the predetermined
period when the comparator 111 detects that the voltage of the
cell BAT1 reaches the cell balance detection voltage. The

charge terminate signal 1s supplied to the gate of the transistor
for controlling charging MCOUT wvia the NOR circuit 220

and the level shiit circuit 230 to switch off the transistor for
controlling charging MCOU'T for terminating charging of the
battery pack.

The memory circuit 113 may be composed of a flip-tlop
circuit or the like, for example. The memory circuit 113 of the
embodiment 1s configured such that an output from the com-
parator 111 1s supplied to the D terminal, and to output a
signal from the Q terminal. An output from the NOR circuit
220 1s supplied to the CL terminal of the memory circuit 113
via the INV circuit 221.

The comparator 114 1s configured such that a positive input
terminal 1s connected to a connecting point of the resistor R12
and the resistor R13, while a negative input terminal 1s con-
nected to the reference voltage D1 and detects over-discharge
of the cell BAT1.

An output of the over-discharge delay circuit 115 1s sup-
plied to an mput of the AND circuit 210 so that a discharge
terminate signal 1s output that terminates discharging of the
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cells included 1n the battery pack after being delayed for the
predetermined period when the comparator 114 detects over-
discharge. The discharge terminate signal 1s supplied to the
gate of the transistor for controlling discharging MDOUT to
switch off the transistor for controlling discharging MDOU'T
for terminating discharging from the battery pack.

Next, an operation of the voltage detection circuits 110 and
130 of the embodiment 1s explained. In the following descrip-
tion, 1t 1s assumed that the voltage of the cell BAT1 reaches the

cell balance detection voltage first 1in the battery pack includ-
ing the cell BAT1 and the cell BAT2. FIG. 5 1s a diagram for

explaining the operation of the charge-discharge control cir-
cuit of the first embodiment.

When the charging cycle signal 1s at a high level (herein-
alter, referred to as “H level”), the cell BAT1 1s charged so that
the voltage of the cell BAT1 increases. Then, when the volt-
age of the cell BAT1 reaches the cell balance detection volt-
age, an output of the comparator 111 becomes H level from
low level (hereinafter, referred to as “L level”). The signal of
H level 1s input to the charge terminate delay circuit 112 and
the memory circuit 113.

The charge terminate delay circuit 112 outputs a signal of
H level after a predetermined delay time has passed. The
signal of H level output from the charge terminate delay
circuit 112 1s input to the NOR circuit 220. Then, an output
from the NOR circuit 220 becomes L level.

The output from the NOR circuit 220 1s mput to a clock
terminal (CL terminal) of the memory circuit 113 and a clock
terminal (CL terminal) of a memory circuit 133 (see FIG. 9)
of the voltage detection circuit 130 via the INV circuit 221. In
the memory circuit 113, the signal of H level from the com-
parator 111 1s 1nput to the D terminal. Thus, an output from
the Q terminal of the memory circuit 113 1s set as H level by
a rising edge of the CL terminal.

While an output of the memory circuit 113 1s H level, when
the voltage of the cell BAT1 reaches the cell balance detection
voltage, charging of the battery pack including the cell BAT1
and the cell BAT?2 1s terminated. Therefore, the charging cycle
signal becomes L level. Thus, an output of the AND circuit
116 1s kept at L level so that the switch element M1 1s kept
being switched off. An output of the Q terminal of the
memory circuit 133 1s kept at H level until a next rising edge

of the CL terminal, which 1s a clock terminal, of the memory
circuit 133.

When the cell BAT1 1s discharged, the charging cycle
signal becomes H level to start the next charging operation of

the cell BAT1. Thus, an output of the AND circuit 116
becomes H level so that the switch element M1 1s switched
on. The switch element M1 1s kept ON until the charging
cycle signal becomes L level.

When the switch element M1 1s switched on, the charge
current flowing through the cell BAT1 1s divided to decrease,
and a time necessary for charging the cell BAT1 becomes
longer. Theretore, the likelihood that the cell BAT1 reaches
the cell balance detection voltage first for two consecutive
times becomes low.

Further, for the voltage detection circuit 130, the cell BAT2
does not reach the cell balance detection voltage at the timing
when the cell BAT1 reaches the cell balance detection volt-
age. Thus, an output of the comparator 131 (see FIG. 9) of the
voltage detection circuit 130 1s L level at this time, and a
signal of L level 1s mput to the D terminal of the memory
circuit 133. At this time, as a signal of H level 1s input to the
CL terminal of the memory circuit 133, an output of the Q
terminal of the memory circuit 133 1s kept at L level. It means

that an output of the AND circuit 136 (see FIG. 9) of the
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voltage detection circuit 130 1s kept at LL level and the switch
clement M2 of the bypass circuit 140 1s kept OFF.

As described above, 1n this embodiment, the cell which
reaches the cell balance detection voltage first 1s stored, and
only the switch element of the bypass circuit which 1s con-
nected to the cell stored 1n the memory circuit 1s switched on

in the next charging operation to reduce a charge current of
the corresponding cell.

In this embodiment, with this structure, 1t 1s possible to
prevent a specific cell from continuously reaching the cell
balance detection voltage, so that shortening of the lifetime of
the battery pack because of the reduction of a capacity of the
specific cell can be suppressed. Further, in this embodiment,
since the switch element of the bypass circuit 1s switched off
at the same time as discharging 1s started, the current to be
supplied to the load 1s not consumed by the bypass circuit so
that the electric charge stored in the cell can be effectively
utilized.

Further 1n this embodiment, the cell balance 1s maintained
by setting a cell balance detection voltage which 1s lower than
the overcharge detection voltage, instead of providing two
kinds of thresholds (the overcharge detection voltage and the
cell balance detection voltage) as the conventional charge-
discharge control circuit, so that the size of the circuits can be
reduced. Specifically, the number of comparators and resis-
tors can be reduced.

Further, although the charge-discharge control circuit 300
ol the embodiment does not include the transistor for control-
ling charging MCOU'T and the transistor for controlling dis-
charging MDOUT, this 1s not limiting. The charge-discharge
control circuit 300 of the embodiment may include the tran-
s1stor for controlling charging MCOU'T and the transistor for
controlling discharging MDOUTT.

The effect of the embodiment 1s explained with reference
to FIG. 6A to FIG. 8. FIG. 6A 1s a first diagram that shows a
result comparing the charge-discharge control circuit of the
first embodiment and the conventional charge-discharge con-
trol circuit. FIG. 6 A shows a result of a stmulation 1n which
charging and discharging are performed for 31 cycles to a
battery pack including five cells (SC1 to SCS) while provid-
ing a conventional charge-discharge control circuit. FIG. 6B
1s a second diagram that shows a result comparing the charge-
discharge control circuit of the first embodiment and the
conventional charge-discharge control circuit. FIG. 6B shows
a result of a simulation in which cycles of charging and
discharging are performed for 31 cycles to a battery pack
including five cells (SC1 to SC5) while providing the charge-
discharge control circuit of the embodiment. For examples
shown 1n FIG. 6 A and FIG. 6B, the imitial voltage of each of
the cells was 2.70 V, and the vanation range of charging
capacity was set to be £5%.

For the example shown 1n FIG. 6A, although the voltage
difference between cells decreases 1 accordance with the
number of times of charging, the voltage differences do not
change after the 15th charging. Further, 1t can be understood
that the cell SC1, whose battery capacity 1s the smallest
among the five cells, always reaches the cell balance detection
voltage first. Thus, only the cell SC1 1s deteriorated to shorten
the lifetime of the battery pack.

Compared with this case, for the case shown in FI1G. 6B, the
cell that reaches the cell balance detection voltage first 1s
changed, and the likelihood that the same cell continuously
reaches the cell balance detection voltage first 1s low. There-
fore, a specific cell 1s not deteriorated so as to extend the
lifetime of the battery pack. Further, for the case shown 1n

FIG. 6B, the charging voltages of the five cells MC1 to MC3S
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become almost the same at 5th charging, and 1t 1s revealed that
the voltage difference between cells can be rapidly decreased.

FI1G. 7 1s adiagram 1n which charging time and discharging
time of the conventional charge-discharge control circuit and
charging time and discharging time of the charge-discharge
control circuit of the first embodiment are compared.

For the conventional charge-discharge control circuit, cur-
rents discharged from the cells are flowing through the bypass
circuits at discharging 1n order to decrease the voltage ditfer-
ence between cells.

On the other hand, for the charge-discharge control circuit
of the embodiment, currents to the bypass circuits are shut
down at the same time as discharging starts and all of the
currents discharged from the cells are supplied to the load.
Therefore, the voltage for charging in the cells 1s efficiently
utilized.

FIG. 8 1s a diagram in which an average voltage value of the
cells of the conventional charge-discharge control circuit and
an average voltage value of the cells of the charge-discharge
control circuit of the first embodiment are compared.

From FIG. 8, it can be understood that the average voltage
of the cells by the charge-discharge control circuit of the
embodiment can be converged within a predetermined range
more rapidly than the average voltage of the cells by the
conventional charge-discharge control circuit. Therefore, 1t
can be understood that the difference in potential of the cells
by the charge-discharge control circuit of the embodiment 1s
more rapidly decreased than the difference in potential of the
cells by the conventional charge-discharge control circuit.

Further, although 1n this embodiment, an example where
the bypass circuits 120, 140 and 160 are provided outside the
semiconductor integrated circuit 200 1s explained, this 1s not
limited so.

In this embodiment, only the switch element of the bypass
circuit which 1s connected to the cell which has reached the
cell balance detection voltage first in the previous charging
operation 1s switched on in the current charging operation.
Therefore, in this embodiment, heat generation because of
switching on the switch element can be suppressed compared
with the conventional charge-discharge control circuit in
which all of the switch elements of the bypass circuits pro-
vided for the cells may be switched on.

Therefore, 1n this embodiment, the bypass circuits 120, 140
and 160 may be provided 1nside the semiconductor integrated
circuit 200.

FIG. 9 1s a diagram for explaiming an example 1n which the
bypass circuits are provided inside the semiconductor inte-
grated circuit.

On a semiconductor mtegrated circuit 200A shown 1n FIG.
9, the bypass circuits 120, 140 and 160 are mounted 1n addi-
tion to the circuits mounted on the semiconductor integrated
circuit 200.

By mounting the bypass circuits 120, 140 and 160 on the
semiconductor integrated circuit 200A, the size of the battery
packincluding the semiconductor integrated circuit 200A can
be reduced to reduce the cost.

Second Embodiment

The second embodiment 1s described with reference to
drawings. In the second embodiment, detection whether the
cells reach the cell balance detection voltage 1s prevented
except for the cell that reaches the cell balance detection
voltage first.

In this embodiment, as the bypass circuit connected to the
cell which has reached the cell balance detection voltage first
1s switched on 1n the next charging operation to reduce the
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charge current, 1t can be suppressed that the same cell con-
tinuously reaches the cell balance detection voltage first. Fur-
ther 1in this embodiment, as the detection whether the cells,
other than the cell which reaches the cell balance detection
voltage first, reach the cell balance detection voltage is pre-
vented, the bypass current only flows through one of the
bypass circuits 1n the charging operation. Therefore, the cur-
rent consumed as the bypass current can be reduced.

A charge-discharge control circuit 300A of the embodi-
ment 1s explained 1n the following with reference to FIG. 10.
FIG. 10 1s a diagram for explaining the charge-discharge
control circuit of the second embodiment.

The charge-discharge control circuit 300A of the embodi-
ment controls charging and discharging of the plural cells.
FIG. 10 shows an example in which charging and discharging
of plural cells 1s controlled by a single charge-discharge con-
trol circuit 300A.

The charge-discharge control circuit 300A of the embodi-
ment includes a voltage detection circuit 240, bypass circuits
21,22 and 23, an AND circuit 211, a NOR circuit 212, a level
shift circuit 213, a falling edge generator 214, and a rising
edge generator 215. The voltage detection circuit 240
includes voltage detection circuits 260, 270 and 280. For the
charge-discharge control circuit 300A of the embodiment, the
circuits other than the bypass circuits 21, 22 and 23, in other
words, the voltage detection circuit 240, the AND circuit 211,
the NOR circuit 212, the level shift circuit 213, the falling
edge generator 214 and the rising edge generator 215 are
mounted on the semiconductor integrated circuit 250.

In this embodiment, the voltage detection circuit 260 1s
connected to the bypass circuit 21. The bypass circuit 21 1s
composed of a resistor Rb and a switch element M21 which
are connected 1n series, and 1s connected with a cell BAT21 in
parallel. The voltage detection circuit 270 1s connected to the
bypass circuit 22. The bypass circuit 22 1s composed of a
resistor Rb and a switch element M22 which are connected in
series, and 1s connected with a cell BAT22 1n parallel. The
voltage detection circuit 280 1s connected to the bypass circuit
23. The bypass circuit 23 1s composed of a resistor Rb and a
switch element M23 which are connected 1n series, and 1s
connected with a cell BAT23 1n parallel.

The voltage detection circuits 260, 270 and 280 of the
embodiment are explained with reference to FIG. 11. In this
embodiment, the voltage detection circuits 260, 270 and 280
have the same structure, respectively. Therefore, in the fol-
lowing of the embodiment, only the voltage detection circuit
260 1s explained as an example. FIG. 11 1s a diagram for
explaining the voltage detection circuit of the second embodi-
ment.

In the voltage detection circuit 260 shown in FI1G. 11, when
the voltage of the cell BAT21 reaches the cell balance detec-
tion voltage, the cell BAT21 1s stored in the memory circuit
24B and at the same time, functions of other voltage detection
circuits 270 and 280 for detecting the cell balance detection
voltage of the cells BAT22 and BAT 23 are prevented. It
means that the voltage detection circuits 270 and 280 are
made not to detect that the cell BAT22 and the cell BAT23
reach the cell balance detection voltage, respectively. Further,
tor the voltage detection circuit 260 shown 1n FIG. 11, when
the voltage detection circuit 270 or the voltage detection
circuit 280 detects that the cell BAT22 or the cell BAT23
reaches the cell balance detection voltage, the function for
detecting that the cell BAT21 reaches the cell balance detec-
tion voltage 1s prevented.

The voltage detection circuit 260 includes comparators 21,
23 and 25, a charge termunate delay circuit 22, an over-

discharge delay circuit 26, AND circuits 24A and 24D,
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memory circuits 248 and 24C, an inverter circuit 27, an OR
circuit 28, resistors R41 to R48, switches SB1 and SB2, and

a reference voltage D2.

In the voltage detection circuit 260, the comparator 21
detects that the voltage of the cell BAT21 becomes the charge
terminate voltage, and supplies the detected result to the
charge terminate delay circuit 22. When the voltage of the cell
BAT21 reaches the charge terminate voltage, the charge ter-
minate delay circuit 22 outputs a charge terminate signal that
terminates charging of the battery pack including the cell
BAT21 after being delayed for the predetermined period. An
output of the charge terminate delay circuit 22 1s supplied to
an mput of the NOR circuit 212 via the VO1 terminal. Then,
the charge terminate signal 1s supplied to the gate of the
transistor for controlling charging MCOUT wvia the level shiit
circuit 213 to switch off the transistor for controlling charging
MCOUT for terminating charging to the battery pack.

The comparator 23 detects that the voltage of the cell

BAT21 becomes the cell balance detection voltage.
The memory circuits 24B and 24C store the cell BAT21

when the voltage of the cell BAT21 becomes the cell balance
detection voltage first among the plural cells. The AND cir-
cuit 24 A, the inverter circuit 27 and the OR circuit 28 cause
the other voltage detection circuits (in this embodiment, the
voltage detection circuit 270 and the voltage detection circuit
280) not to detect that the voltages of the other cells (in this
embodiment, the cell BAT22 and the cell BAT23) reach the
cell balance detection voltage when the voltage of the cell
BAT21 reaches the charge terminate voltage first among the
plural cells. The cell balance detection voltage of the embodi-
ment 1s lower than the charge terminate voltage, and 1s pre-
viously set. The comparator 25 and the over-discharge delay
circuit 26 are the same as those explained 1n the first embodi-
ment.

Further, the voltage detection circuit 260 of the embodi-
ment includes a VP terminal, a VN terminal, an INHI termi-
nal, an INHO terminal, an IHI terminal, an IHO terminal, a
VO1 terminal, a VO2 terminal, a VO3 terminal, a CHR ter-
minal, a CHF terminal and a CHG terminal. The VP terminal
1s connected to the cathode of the cell BAT21 via a VBAT1
terminal of the semiconductor integrated circuit 250. The VN
terminal 1s connected to the anode of the cell BAT21 via a
VSS terminal of the semiconductor integrated circuit 250.

A signal output from the INHO terminal of other voltage
detection circuit 1s input to the INHI terminal. A signal output
from the INHO terminal of the voltage detection circuit 270 1s
input to the INHI terminal of the voltage detection circuit 260.
A signal output from the INHO terminal of the voltage detec-
tion circuit 280 1s mput to the INHI terminal of the voltage
detection circuit 270.

An output signal of the OR circuit 28 is output from the
INHO terminal. Further, an output Q1 of the memory circuit
24B 1s supplied to one of the inputs of the OR circuit 28, while
a signal input from the INHI terminal 1s input to the other
input of the OR circuit 28. The voltage detection circuit 260 of
the embodiment 1s positioned at the lowest in the voltage
detection circuit 240 and functions as a protection IC that
controls the transistor for controlling charging MCOU'T that
controls charging and the transistor for controlling discharg-
ing MDOU'T that controls discharging. Therefore, at the volt-
age detection circuit 260, an output of the INHO terminal 1s
supplied to the IHI terminal.

A signal that prevents storing the cell BAT21 in the
memory circuit 24B 1s mput to the IHI terminal. When a
signal of H level 1s input from the IHI terminal, the memory

circuit 248 1s prevented from storing the cell BAT21.
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The IHO terminal supplies a signal input to the IHI termi-
nal to another voltage detection circuit. The signal output
from the IHO terminal of the voltage detection circuit 260 1s
supplied to the IHI terminal of the voltage detection circuit
2770. The signal output from the IHO terminal of the voltage
detection circuit 270 1s supplied to the IHI terminal of the
voltage detection circuit 280. Here, as the voltage detection
circuit 260 1s positioned at the lowest 1n the voltage detection
circuit 240, the signal output from the INHO terminal of the
voltage detection circuit 260 1s input to the IHI terminal of the
voltage detection circuit 260.

The VO1 terminal outputs a signal indicating that the cell
BAT21 reaches the charge terminate voltage. In this embodi-
ment, when 1t 1s detected that the cell BAT21 reaches the
charge terminate voltage, the VOI1 terminal outputs a signal of
H level. The VO2 terminal outputs a control signal that con-
trols the switch element M21 of the bypass circuit 21. The
control signal output from the VO2 terminal 1s supplied to the
gate of the switch element M21 via a NMG1 terminal of the
semiconductor integrated circuit 250 to control ON/OFF of
the switch element M21. The VO3 terminal outputs a signal
indicating that the cell BAT21 becomes over-discharged. In
this embodiment, when the over-discharge 1s detected, the
VO3 terminal outputs a signal of L level.

A pulse signal indicating that a connection of a battery
charger 1s detected 1s input to the CHR terminal. A signal
indicating that termination of charging 1s detected 1s mput to
the CHF terminal. A signal that the battery charger 1s con-
nected 1s mput to the CHG terminal.

The operation of the voltage detection circuit 260 of the
embodiment 1s explained with reference to FI1G. 12. FI1G. 12
1s a timing chart for explaiming the operation of the voltage
detection circuit of the second embodiment. FIG. 12 shows
the operation of the voltage detection circuit 260 where the
cell BAT21 reaches the cell balance detection voltage first
among the cells BAT21 to BAT23.

When a battery charger 1s connected to the battery pack
including the charge-discharge control circuit 300A at the
timing t1 1n FIG. 12, a battery charger connection detection
signal indicating that the battery charger connection 1s
detected 1s mput 1n the CHARGE terminal of the charge-
discharge control circuit 300A. The rising edge generator 215
generates a pulse signal based on the battery charger connec-
tion detection signal. The generated pulse signal 1s mput to
the CHR terminal of the voltage detection circuit 260, and
resets the memory circuits 24B (SR latch) of the voltage
detection circuits (voltage detection circuits 260, 270 and
280) so that the INHO terminals of the voltage detection
circuitsreach L level. As the signal of L level 1s supplied to the
IHI terminal of each of the voltage detection circuits, an
output of the iverter circuit 27 becomes H level so that an
output of the AND circuit 24 A becomes a status 1n which the
cell balance detection result 1s capable of being stored 1n the
memory circuit 248 (SR latch).

When the voltage of the cell BAT21 reaches the cell bal-
ance detection voltage by the charging operation at the timing
t2, the comparator 23 of the voltage detection circuit 260
detects the status to output a signal of H level. The inputs of
the AND circuit 24A become H level so that the S input of the
memory circuit 248 becomes H level and the output Q1 of the
memory circuit 24B 1s set at H level. With this, the INHO
terminal of the voltage detection circuit 260 reaches H level,
and the signals of H level are supplied to the IHI terminals of
the other voltage detection circuits 270 and 280. Therelore,
the outputs of the mnverter circuits 27 of the other voltage
detection circuits 270 and 280 become L level, and the out-
puts of the comparators 23 are prevented by the AND circuits
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24 A so that the S mputs of the memory circuits 24B are fixed
at L level, respectively. At this time, only the output Q1 of the
memory circuits 24B of the voltage detection circuit 260 1s H
level, and the outputs Q1 of the memory circuit 24B of the
other voltage detection circuits 270 and 280 are L level.

The output Q1 of the memory circuit 24B 1s maintained at
H level until the timing t4 at which the next charging opera-
tion 1s started. When the next charging operation 1s started
means that a pulse signal indicating that the battery charger 1s
connected again 1s mnput from the CHR terminal after the cell
BAT21 reaches the charge terminate voltage and once the
charging 1s terminated.

When the cell BAT21 reaches the charge terminate voltage
at the timing t3, the comparator 21 detects this status and
outputs a signal of H level indicating that the cell BAT21
becomes termination of charging from the VO1 terminal via
the charge terminate delay circuit 22. The signal 1s supplied to
an input of the NOR circuit 212. An output of the NOR circuit
212 reaches L level when the signal of H level 1s input.

In this embodiment, the falling edge generator 214 detects
this falling of the signal of L level to generate a pulse signal.
The generated pulse signal 1s input to the memory circuit 24C
via the CHF terminal at the timing t3. When the pulse signal
1s supplied from the CHF terminal, the memory circuit 24C
becomes enabled such that the output Q1 of the memory
circuit 24B 1s transierred to the memory circuit 24C. Then,
the output of the memory circuit 24C becomes H level at the
timing t3. The output of the memory circuit 24C 1s maintained
at H level until the timing t5 at which the pulse signal 1s
supplied via the CHF terminal.

Here, the output Q2 of the memory circuit 24C 1s mput to
one of the inputs of the AND circuit 24D. A signal input from
the CHG terminal 1s input to the other mput of the AND
circuit 24D. The signal input from the CHG terminal becomes
H level while charging is performed. Theretfore, the output of
the AND circuit 24D 1s H level between the timing t4 and the
timing t5. The output of the AND circuit 24D 1s supplied to
the gate of the switch element M21 via the VO2 terminal. In
this embodiment, when the output of the AND circuit 24D 1s
H level, the switch element M21 1s switched on and a bypass
current flows through the bypass circuit 21.

Thus, at the bypass circuit 21, the switch element M21 1s
kept ON from the timing t4 at which the next charging cycle
1s started to the timing t5 at which the charging cycle is
terminated so that the bypass current flows though the bypass
circuit 21. With this, the charge current for the cell BAT21
decreases from the timing t4 to the timing tS. Thus, the cell
BAT21 does not reach the cell balance detection voltage first
between the timing t4 and the timing t5.

Next, the operation of an example where the cell BAT22 or
the cell BAT23, other than the cell BAT21, reaches the cell
balance detection voltage first 1s explained with referring
back to FIG. 11.

The operation of the voltage detection circuit 260 in which
the cell BAT22 reaches the cell balance detection voltage first
in the charge-discharge control circuit 300A 1s explained.

When the voltage of the cell BAT22 becomes the cell
balance detection voltage in the voltage detection circuit 270,
a signal of H level indicating that the cell BAT22 reaches the
cell balance detection voltage 1s output from the INHO ter-
minal of the voltage detection circuit 270. The signal output
from the INHO terminal of the voltage detection circuit 270 1s
input to the INHI terminal of the voltage detection circuit 260.

As the signal of H level mput to the INHI terminal of the
voltage detection circuit 260 1s supplied to one of the inputs of
the OR circuit 28, the OR circuit 28 outputs the signal of H
level. The output of the OR circuit 28 is input to the mnverter
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2’7 via the INHO terminal and the IHI terminal. The inverter
277 outputs a signal of L level. The signal of L level 1s supplied

to one of the mputs of the AND circuit 24A.

When the signal of LL level 1s input to one of the inputs of the
AND circuit 24 A, the output 1s fixed to L level regardless of
the output by the comparator 23. Theretore, the status that the
cell BAT21 reaches the cell balance detection voltage 1s not
detected. Thus, the switch element M21 of the bypass circuit
21 1s not switched on.

It means that 1n this embodiment, when one of the cells
BAT21, BAT22 and BAT23 reaches the cell balance detection
voltage first, only the cell that reaches the cell balance detec-
tion voltage first 1s stored. Then, 1n the next charging opera-
tion, the bypass current only flows through the bypass circuit
connected to the stored cell to reduce the charge current of the
stored cell.

Therefore 1n this embodiment, the bypass circuit through
which the bypass current flows when charging i1s limited to
one, so that the bypass current can be reduced to improve
charging efliciency compared with the conventional method
in which the bypass current tlows through plural bypass cir-
cuits when charging. Further in this embodiment, as the
charge current 1s reduced for only the cell which reaches the
cell balance detection voltage first, 1t 1s prevented that the
same cell reaches the cell balance detection voltage first two
consecutive times. Thus, according to the embodiment, 1t can
be suppressed that a specific cell 1s deteriorated so that the
lifetime of the battery pack can be extended.

Third E

Embodiment

The third embodiment 1s described with reference to draw-
ings. In the third embodiment, a point where a single charge-
discharge control circuit controls charging and discharging of
a single cell 1s different from the second embodiment. In the
following explanation of the embodiment, only the different
points from the second embodiment are explained.

A charge-discharge control circuit 300B of the embodi-
ment 15 explamned with reference to FIG. 13. The charge-
discharge control circuit 300B of the embodiment controls
charging and discharging of a single cell. FIG. 13 1s a diagram
tor explaining the charge-discharge control circuit of the third
embodiment.

The charge-discharge control circuit 300B of the embodi-
ment mcludes a bypass circuit 31, a voltage detection circuit
400, AND circuits 311 and 318, a NOR circuit 314, an OR
circuit 319, inverters 312,315 and 317, a memory circuit 310,
rising edge generators 330 and 350, falling edge generators
340 and 360, and a logic and level shift circuit 320.

The bypass circuit 31 1s composed of a resistor R31 and a
switch element M31 which are connected 1n series, and 1s
connected with a cell BAT31 1n parallel. In the charge-dis-
charge control circuit 300B, the circuits other than the bypass
circuit 31 are mounted on a semiconductor integrated circuit
370.

The voltage detection circuit 400 of the embodiment has
the same structure as the voltage detection circuits 260, 270
and 280 which are explained in the second embodiment, and
the explanation 1s not repeated. Further, the logic circuits
mounted on the semiconductor integrated circuit 370 of the
embodiment other than the voltage detection circuit 400 are
for controlling ON/OFF of the transistor for controlling
chargmg MCOU'T and the transistor for controlling discharg-
ing MDOUT.

The semiconductor mtegrated circuit 370 of the embodi-
ment includes a VDD terminal, an NMG1 terminal, a VSS
terminal, a DOUT terminal, a COUT terminal, a JTI terminal,
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a JTO terminal, a KHIN terminal, a KHON terminal, a GI1
terminal, a GO1 terminal, a GI2 terminal, a GO2 terminal, an
ENA terminal, a CHARGE terminal a BOGT terminal, and a
V-terminal.

The VDD terminal 1s connected to the cathode of the cell
BAT31, and the VSS terminal 1s connected to the anode of the
cell BAT31. The NMG1 terminal 1s connected to the gate of
the switch element M31 of the bypass circuit 31. The DOUT
terminal 1s connected to the gate of the transistor for control-
ling discharging MDOU'T, and the COUT terminal 1s con-
nected to the gate of the transistor for controlling charging
MDOUT.

A charge termination detection signal indicating that ter-
mination of charging 1s detected 1s mput to the JT1 terminal
when the other cell becomes the charge terminate voltage in
the other voltage detection circuit, which will be explained
later. In this embodiment, when termination of charging 1s
detected, a signal of H level 1s mput from the JTI terminal.
The JTO terminal outputs a charge termination detection
signal indicating that the voltage of the cell BAT31 becomes
the charge terminate voltage 1n the voltage detection circuit
400. In this embodiment, when it 1s detected that the cell
reaches the charge terminate voltage, a signal of H level 1s
output from the JTO terminal.

An over-discharge detection signal indicating that the over-
discharge 1s detected i1s mput to the KHIN terminal when
another cell becomes over-discharged 1n the respective other
voltage detection circuit, which will be explained later. In this
embodiment, when over-discharge 1s detected, a signal of L
level 1s mput to the KHIN terminal. The KHON terminal
outputs an over-discharge detection signal indicating that the
cell BAT31 becomes over-discharged 1n the voltage detection
circuit 400. In this embodiment, when it 1s detected that the
cell becomes over-discharge, a signal of L level 1s output from
the KHON terminal.

The GI1 terminal 1s connected to the INHI terminal of the
voltage detection circuit 400, and a cell balance detection
signal 1s input when the other cell of the other voltage detec-
tion circuit, which will be explained later, reaches the cell
balance detection voltage. In this embodiment, the mput of
the cell balance detection signal 1s prevented by the output Q1
from the voltage detection circuit which detects that the cor-
responding cell reaches the cell balance detection voltage
first. The GO1 terminal outputs a cell balance detection signal
indicating that the voltage of the cell BAT31 becomes the cell
balance detection voltage 1n the voltage detection circuit 400.

A prevention signal indicating that the detection of the cell
balance detection voltage of the cell BAT31 by the voltage
detection circuit 400 1s prevented 1s input to the GI2 terminal,
when the voltage of the cell of the other voltage detection
circuit, which will be explained later, becomes the cell bal-
ance detection voltage. The GO2 terminal outputs a preven-
tion signal indicating that the detection of the cell balance
detection voltage of the other cells 1s prevented when the cell
BAT31 reaches the cell balance detection voltage first among
the plural cells, which will be explained later.

A signal indicating whether the semiconductor integrated
circuit 370 1s the last one for controlling the transistor for
controlling discharging MDOUT and the transistor for con-
trolling charging MCOUT 1s input to the ENA terminal. In
this embodiment, when the semiconductor integrated circuit
3770 1s the last one, a signal of H level 1s mnput.

A battery charger connection detection signal indicating

that the connection of the battery charger 1s detected 1s input
to the CHARGE terminal. The BOGT terminal transfers the
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battery charger connection detection signal to the other semi-
conductor integrated circuits. The V-terminal 1s connected to
the anode of the load.

Here, 1n this embodiment, as the COUT terminal and the
JTO terminal, or the DOUT terminal and the KHON terminal

are not used at the same time, respectively, these may be
actualized by common pins.

A case 1 which controlling charging and discharging of
plural cells using plural charge-discharge control circuits
cach having the same structure as the charge-discharge con-
trol circuit 300B 1s explained 1n the following. FIG. 14 15 a
diagram for explaining controlling charging and discharging
of the plural cells using the charge-discharge control circuit of
the third embodiment.

In FIG. 14, charge-discharge control circuits 300C, 300D

and 300E having the same structure as the charge-discharge
control circuit 300B control charging and discharging of cells

BAT51, BAT52 and BAT53, respectively. The charge-dis-

charge control circuit 300C 1ncludes a semiconductor inte-
grated circuit 510 and a bypass circuit 51 and controls charg-
ing and discharging of the cell BATS1. The bypass circuit 51
1s composed of a resistor R51 and a switch element M31. The
charge-discharge control circuit 300D includes a semicon-
ductor integrated circuit 520 and a bypass circuit 32 and
controls charging and discharging of the cell BAT52. The
bypass circuit 52 1s composed of a resistor RS2 and a switch
clement M52. The charge-discharge control circuit 300E
includes a semiconductor integrated circuit 330 and a bypass

circuit 53 and controls charging and discharging of the cell
BAT53. The bypass circuit 53 1s composed of a resistor R53
and a switch element MS3.

The semiconductor mtegrated circuits 5310, 520 and 530
have the same structure as the semiconductor integrated cir-
cuit 370 shown 1n FIG. 13. In this embodiment, as the semi-
conductor integrated circuit 510 of the charge-discharge con-
trol circuit 300C 1s the last one for controlling the transistor
for controlling discharging MDOUT and the transistor for
controlling charging MCOUTT, a signal of H level 1s input to
the ENA terminal of the semiconductor integrated circuit 510.

For the example of FI1G. 14, when the cell BAT51 reaches
the cell balance detection voltage first, for example, the detec-
tion of the cell balance detection voltage for the cells BATS2
and BATSA3 1s prevented. Then, for the next charging opera-
tion of the current charging operation in which the cell BATS1
reaches the cell balance detection voltage first, the switch
clement M51 of the bypass circuit 51 1s switched ON so that
the bypass current tlows therethrough.

Therefore, at this time the charge current flowing through
the cell BAT51 decreases to prevent the cell BATS1 reaches
the cell balance detection voltage two consecutive times. It
means that 1n this embodiment, deterioration of a specific cell
can be suppressed to extend the lifetime of the battery pack.
Further, in this embodiment, the bypass circuit which 1is
switched on while charging 1s only the bypass circuit 51.
Thus, compared with the case where plural bypass circuits are
switched on at the same time, the bypass current can be
reduced to improve the charging eificiency.

Fourth Embodiment

The fourth embodiment 1s described with reference to
drawings. In the fourth embodiment, plural charge-discharge
control circuits each controlling charging and discharging of
plural cells are provided. In the following explanation of the
embodiment, only the different points from the second
embodiment are explained.
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The charge-discharge control circuit 300F of the embodi-
ment 1s explained with reference to FIG. 15. FIG. 15 15 a
diagram for explaining the charge-discharge control circuit of
the fourth embodiment.

A charge-discharge control circuit 300F of the embodi-
ment icludes a voltage detection circuit 600, bypass circuits
41, 42 and 43, AND circuits 411 and 415, a NOR circuit 414,
an OR circuit 417, mverters 412, 413 and 416, a memory
circuit 410, rising edge generators 430 and 460, falling edge
generators 440 and 450 and a logic and level shift circuit 420.

The voltage detection circuit 600 of the embodiment
includes voltage detection circuits 610, 620 and 630. The
voltage detection circuits 610, 620 and 630 have the same
structure as the voltage detection circuit 260 explained 1n
FIG. 11.

In the charge-discharge control circuit 300F of the embodi-
ment, the circuits other than the bypass circuits 41, 42 and 43
are mounted on a semiconductor integrated circuit 470.

The voltage detection circuit 610 1s connected to the bypass
circuit 41. The bypass circuit 41 1s composed of a resistor R41
and a switch element M41. The bypass circuit 41 1s connected
to the cell BAT41. The voltage detection circuit 620 1s con-
nected to the bypass circuit 42. The bypass circuit 42 1s
composed of a resistor R42 and a switch element M42. The
bypass circuit 42 1s connected to the cell BAT42. The voltage
detection circuit 630 1s connected to the bypass circuit43. The
bypass circuit 43 1s composed of a resistor R43 and a switch
clement M43. The bypass circuit 43 1s connected to the cell
BAT43.

The logic circuits other than the voltage detection circuit
600 mounted on the semiconductor integrated circuit 470 of
the embodiment are for controlling ON/OFF of the transistor
for controlling charging MCOUT and the transistor for con-
trolling discharging MDOU'T.

The semiconductor integrated circuit 470 of the embodi-
ment includes a VDD terminal, an NMG1 terminal, an NMG?2
terminal, an NMG3 terminal, a VBAT1 terminal, a VBAT?2
terminal, a VSS terminal, a DOUT terminal, a COUT termi-
nal, a JII terminal, a JTO terminal, a KHIN terminal, a
KHON terminal, an ENA terminal, a CHARGE terminal, a
BOGT terminal and a V-terminal. The NMG1 terminal 1s
connected to the gate of the switch element M41 ofthe bypass
circuit 41. The NMG2 terminal 1s connected to the gate of the
switch element M42 of the bypass circuit 42. The NMG3
terminal 1s connected to the gate of the switch element M43 of
the bypass circuit 43. The VBAT1 terminal 1s connected to a
connecting point between the cell BAT41 and the cell BAT42.
The VBAT2 terminal i1s connected to a connecting point
between the cell BAT42 and the cell BAT43.

A case where plural of the charge-discharge control cir-
cuits of the embodiment are connected 1s explained in the
tollowing with reference to FIG. 16. FIG. 16 1s a diagram for
explaining controlling charging and discharging of the
charge-discharge control circuit of the fourth embodiment.

In FIG. 16, charge-discharge control circuits 300G and
300H, having the same structure as the charge-discharge con-
trol circuit 300F, control charging and discharging of the cells
BAT61 to BAT66. The charge-discharge control circuit 300G
includes a semiconductor integrated circuit 640 and bypass
circuits 61, 62 and 63, and controls charging and discharging
of the cells BAT61, BAT62 and BAT63. The bypass circuit 61
1s composed of a resistor R61 and a switch element M61, and
1s connected to the cell BAT61. The bypass circuit 62 1is
composed of a resistor R62 and a switch element M62, and 1s
connected to the cell BAT62. The bypass circuit 63 1s com-
posed of a resistor R63 and a switch element M63, and 1s
connected to the cell BAT63.
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The charge-discharge control circuit 300H includes a
semiconductor mtegrated circuit 650 and bypass circuits 64,

65 and 66, and controls charging and discharging of the cells
BAT64, BAT63S and BAT66. The bypass circuit 64 1s com-
posed of a resistor R64 and a switch element Mé64, and 1s
connected to the cell BAT64. The bypass circuit 65 1s com-
posed of a resistor R65 and a switch element M65, and 1s
connected to the cell BAT65. The bypass circuit 66 1s com-
posed of a resistor R66 and a switch element M66, and 1s
connected to the cell BAT66.

In this embodiment, as the semiconductor integrated cir-
cuit 640 of the charge-discharge control circuit 300G 1s the
last one for controlling the transistor for controlling discharg-
ing MDOUT and the transistor for controlling charging
MCOUT, a signal of H level 1s imnput to the ENA terminal of
the semiconductor itegrated circuit 640.

In this embodiment, the cells BAT61, BAT62 and BAT63
charging and discharging of which i1s controlled by the
charge-discharge control circuit 300G, and the cells BAT 64,
BAT6S and BAT66 charging and discharging of which 1s
controlled by the charge-discharge control circuit 300H are
controlled as single groups, respectively.

The charge-discharge control circuit 300G of the embodi-
ment stores a cell which reaches the cell balance detection
voltage first among the cells BAT61, BAT62 and BAT63, and
switches on the switch element of the bypass circuit con-
nected to the stored cell in the next charging cycle. The
charge-discharge control circuit 300H of the embodiment
stores a cell which reaches the cell balance detection voltage
first among the cells BAT64, BAT6S and BAT66, and
switches on the switch element of the bypass circuit con-
nected to the stored cell in the next charging cycle.

Theretfore, 1n this embodiment, the number of bypass cir-
cuits which are switched on 1n loops 1s always one 1n each of
the groups, so that the bypass current can be reduced to
improve charging eifl

iciency. Further, as the charge current of
the cell which reaches the cell balance detection voltage first
in each of the groups 1s reduced 1n the next charging cycle, 1t
can be prevented that a specific cell continuously reaches the
cell balance detection voltage first thereby to suppress the
deterioration of the specific cell. Thus, the lifetime of the
battery pack can be extended.

Fitfth Embodiment

The fifth embodiment 1s described with reference to draw-
ings. In the fifth embodiment, charging and discharging of
plural cells 1s controlled by a microprocessor (MPU).

Charge-discharge control circuits 800 to 800z of the
embodiment are explained with reference to FIG. 17. F1G. 17
1s a diagram for explaining the charge-discharge control cir-
cuit of the fifth embodiment. The charge-discharge control
circuits 800 to 8007 of the embodiment control charging and
discharging of cells based on a control signal from a MPU
910.

First, a protection module 900 including the charge-dis-
charge control circuits 800 to 800z of the embodiment 1s
explained. The protection module 900 of the embodiment
includes the charge-discharge control circuits 800 to 800z,
the MPU 910, alevel shift circuit 920 and transistors M10 and
M20.

The charge-discharge control circuits 800 to 800 of the
embodiment control charging and discharging of plural cells
which are divided into plural groups, based on the control
signal from the MPU 910. The plural cells are divided into
plural groups corresponding to the charge-discharge control
circuits 800 to 800x. For example, when the protection mod-
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ule 900 1s provided wit charge-discharge control circuits
800, the cells Comlected to the protection module 900 are
divided 1nto “n” groups. For the example shown 1n FIG. 17,
three cells are set as one group, however, the number of cells
included in each of the groups may be arbitrary set.

The charge-discharge control circuits 800 to 8007 have the
same structure, respectively. Therefore, in the following
explanation, the charge-discharge control circuit 800 1s
explained as an example of the charge-discharge control cir-
cuits 800 to 8007. The charge-discharge control circuit 800 of
the embodiment detects that the voltage of the cell reaches
any ol a charge terminate voltage, a cell balance detection
voltage and an over-discharge detection voltage, and reports
to the MPU 910. Further, the charge-discharge control circuit
800 of the embodiment controls ON/OFF of the switches of
bypass circuits 720, 730 and 740, which will be explained
later, based on the control signal from the MPU 910.

The MPU 910 outputs the control signal for having the
switches of the bypass circuits ON/OFF to the charge-dis-
charge control circuits 800 to 8007, based on the detection by
the charge-discharge control circuits 800 to 800#. The opera-
tion of the MPU 910 will be explained later 1n detail.

The transistors M10 and M20 are switch elements for
terminating charging and discharging of the cells. The level

shift circuit 920 converts the voltage level of a signal output
from the MPU 910 to a level capable of switching ON/OFF

the transistors M10 and M20.

Next, the charge-discharge control circuit 800 of the
embodiment 1s explained. The charge-discharge control cir-
cuit 800 of the embodiment includes a battery controller 700,
an 1nsulating communication circuit 710, and bypass circuits
720, 730 and 740. Cells BAT1, BAT2 and BAT3 are con-
nected to the battery controller 700. The battery controller
700 detects voltages of the cells BAT1, BAT2 and BAT3. The
battery controller 700 will be explained later 1n detail.

The 1nsulating communication circuit 720 shifts a level of
a signal so that the communication between the battery con-
troller 700 and the MPU 910 becomes possible. The bypass
circuit 720 1s connected to the cell BAT1, and bypasses the
current that flows through the cell BAT1 based on the signal
from the battery controller 700. The bypass circuit 730 1s
connected to the cell BAT2, and bypasses the current that
flows through the cell BAT2 based on the signal from the
battery controller 700. The bypass circuit 730 1s connected to
the cell BAT3, and bypasses the current that flows through the
cell BAT 3 based on the signal from the battery controller 700.

The battery controller 700 of the embodiment 1s explained
with reference to FIG. 18. FI1G. 18 1s a diagram for explaining
the battery controller of the fifth embodiment.

The battery controller 700 of the embodiment includes a
voltage detection circuit 750, a voltage level conversion cir-
cuit 755, and a serial-parallel conversion circuit 760. The
voltage detection circuit 750 includes a voltage detection
circuit 770 that detects the voltage of the cell BAT1, a voltage
detection circuit 780 that detects the voltage of the cell BAT?2,
and a voltage detection circuit 790 that detects the voltage of
the cell BAT3. The voltage level conversion circuit 755 also
has functions of an encoder and a decoder. The serial-parallel
conversion circuit 760 converts parallel-in to senal-out, or
serial-1n to parallel-out, and sends and receives data to and
from the MPU 910.

In this embodiment, as the structure of the voltage detec-
tion circuits 770, 780 and 790 are the same, the voltage
detection circuit 770 1s explained in the following as an
example.

In the voltage detection circuit 770, a terminal VN 1s con-
nected to the anode of the cell BAT1, and a terminal VP 1s
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connected to the cathode of the cell BAT1. In the voltage
detection circuit 770, a terminal O 1s connected to the gate of
a switch element M72 of the bypass circuit 720. The voltage
detection circuit 770 outputs the detection result of the volt-
age of the cell BAT1 to the voltage level conversion circuit
755 from terminals VO1, VO2 and VO3. Further, the control
signal from the MPU 910 1s supplied to terminals GN, SN and
RN of the voltage detection circuit 770 via the voltage level
conversion circuit 755,

The voltage detection circuit 770 outputs a signal that
determines ON/OFF of the switch element M72 to the bypass
circuit 720 from the terminal O based on the control signal
input from the terminals GN, SN and RN.

The bypass circuit 720 of the embodiment 1s composed of
the switch element M72 and a resistor R72 which are con-
nected 1n series and 1s connected with the cell BAT1 1n par-
allel. The bypass circuits 730 and 740 have the same structure.
It means that the bypass circuit 730 1s composed of a switch
clement M73 and a resistor R73 which are connected 1n series
and the bypass circuit 740 1s composed of a switch element
M74 and a resistor R74 which are connected in series.

The voltage detection circuit 770 of the embodiment 1s
explained with reference to FIG. 19. FIG. 19 15 a diagram for
explaining the voltage detection circuit of the fifth embodi-
ment.

The voltage detection circuit 770 of the embodiment
detects the charge terminate voltage, the cell balance detec-
tion voltage and the over-discharge detection voltage of the
cell BAT1 and outputs the detected result. The voltage detec-
tion circuit 770 includes comparators 771, 773 and 775, a
charge terminate delay circuit 772, a cell balance circuit 774,
an over-discharge delay circuit 776, a level conversion circuit
777, resistors RA1 to RA9, switches SA1 to SA4, and a
reference voltage D10. The resistors RA1 to RA9 and the
switches SA1 to SA4 are used for setting the charge terminate
voltage, the cell balance detection voltage and the over-dis-
charge detection voltage.

The comparator 771 detects that the voltage of the cell
BAT1 becomes the charge terminate voltage, and supplies the
detected result to the charge terminate delay circuit 772.
When the voltage of the cell BAT1 reaches the charge termi-
nate voltage, the charge terminate delay circuit 772 outputs a
charge terminate signal that terminates charging of the battery
pack including the cell BAT1 to the voltage level conversion
circuit 755 after being delayed for a predetermined period.
The charge terminate signal 1s input to the terminal VO13 of
the voltage level conversion circuit 755.

The comparator 773 detects that the voltage of the cell
BAT1 becomes the cell balance detection voltage, and outputs
the detected result to the cell balance circuit 774. The cell
balance circuit 774 outputs the cell balance detection signal to
the voltage level conversion circuit 755. The cell balance
detection signal 1s 1input to the terminal VO12 of the voltage
level conversion circuit 7355.

The comparator 775 detects that the voltage of the cell
BAT1 becomes the over-discharge detection voltage, and sup-
plies the detected result to the over-discharge delay circuit
776. The over-discharge delay circuit 776 outputs a discharge
terminate signal that terminates discharging from the battery
pack including the cell BAT1 to the voltage level conversion
circuit 755 after being delayed for the predetermined period.
The discharge terminate signal 1s input to the terminal VO13
of the voltage level conversion circuit 755.

The level conversion circuit 777 converts a voltage level of
the control signal which 1s sent from the MPU 910 via the
voltage level conversion circuit 755, and outputs the control
signal from the terminal O after being latched. The control
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signal output from the terminal O 1s output from the battery
controller 700 to be supplied to the gate of the switch element
M72 of the bypass circuit 720.

FIG. 20 1s a diagram showing an example of the level
conversion circuit of the fifth embodiment. A level conversion
circuit 777 of the embodiment includes inverters 801, 802 and

803 respectively composed of a high voltage PMOS transistor
and a high voltage NMOS transistor, and NAND circuits 804,

805, 806 and 807.

The level conversion circuit 777 of the embodiment con-
verts the voltage level of the control signal from the MPU 910
from a voltage level between VDD-VSS, which 1s the power
supply voltage of the protection module 900, to a voltage level
between the terminal VN and the terminal VP of the battery
controller 700. The control signal whose voltage level 1s
converted 1s supplied to the gate of the switch element M72 of
the bypass circuit 720.

The flow of the signal between the MPU 910 and the

voltage detection circuit 750 of the embodiment 1s explained.

In this embodiment, the MPU 910 supplies a control signal
SI being synchronous with a clock signal SCLK to the serial-
parallel conversion circuit 760 (see FIG. 18). The control
signal SI includes a chip address, a battery address and com-
mand contents. The chip address means an address for speci-
tying the battery controller 700. The battery address means an
address for specitying the cells BAT1 to BAT3. The command
contents include ON/OFF information of the switch elements
M72 to 74 of the bypass circuits 720 to 740.

The senal-parallel conversion circuit 760 outputs an output
signal SO synchronously with the clock signal SCLK to the
MPU 910. The output signal SO includes the chip address, the
battery address, and the detection results of the voltage detec-
tion circuits 770 to 790.

A chip select signal for specifying the battery controller
700 1s set 1n the senal-parallel conversion circuit 760 of the
embodiment. The battery controller 700 of the embodiment
determines that the control signal 1s sent to the battery con-
troller 700 1tself when the chip select signal set 1n the serial-
parallel conversion circuit 760 and the chip address included
in the control signal SI match. Then, the battery controller 700
reads the detected result of termination of charging, the
detected result of the cell balance, and the detected result of
over-discharge 1nto the serial-parallel conversion circuit 760
based on the battery address and the command contents
included in the control signal. Further, when the command
contents includes indication of switching ON/OFF of the
switch elements M72, M73 and M74, the battery controller
700 switches ON/OFF the switch elements of the correspond-
ing bypass circuits.

FIG. 21 1s a diagram showing an example of a decoder
included 1n the voltage level conversion circuit of the fifth
embodiment, and FI1G. 22 1s a diagram showing an example of
an encoder included 1n the voltage level conversion circuit of
the fifth embodiment. In this embodiment, when the chip
select signal set in the serial-parallel conversion circuit 760
and the chip address included in the control signal SI match,
a signal CHIP becomes H level so that the battery address of
the cells BAT1 to BAT3 1s decoded. When the battery address
1s decoded, the selected signal GxN, whose voltage level 1s
converted to high voltage, becomes L level. The signal GxN 1s
a battery select signal, and 1s supplied to the level conversion
circuit 777 and to the encoder shown in FIG. 22.

The encoder 1s provided for sending the signal GxN and the
detected result of charge termination, cell balance, and over-
discharge of the selected cell to the seral-parallel conversion
circuit 760.
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The encoder outputs the detected result of the voltage
detection circuit selected among the voltage detection circuits
770 to 790 as the signals VOI1L, VO2L and VO3L to the
serial-parallel conversion circuit 760.

The command contents included 1n the control signal SI are

shown as the signals CM1, CM2 and CM3. In this embodi-
ment, ON/OFF of the switch elements M72 to M74 are indi-
cated by the combination of the signals CM1, CM2 and CM3.
When the signals CM1, CM2 and CM3 indicate ON/OFF of
the switch elements M72 to M74, outputs of the decoder, the
signal SN and the signal RN, become L level. Thus, in the
level conversion circuit 777, set and reset of latch are per-
formed by L level of the signal GN, the signal SN and the
signal RN. The output of the latch 1s output to the gates of the
switch elements M72 to M74 of the bypass circuits 720 to
740.

The marks or symbols shown 1n FIG. 21 and FIG. 22 are
high voltage MOS transistors and constant-current source
loads, as shown 1n FI1G. 23. FIG. 23 1s a diagram for explain-
ing the marks or symbols shown 1n FIG. 21 and FIG. 22.

Next, the operation of the MPU 910 of the embodiment 1s
explained. The MPU 910 of the embodiment controls charg-
ing and discharging of the cells BAT1 to BAT3 based on the
detected voltage by the voltage detection circuit 750 output
via the serial-parallel conversion circuit 760.

First, with reference to FI1G. 24, the operation of the MPU
910 when plural cells connected to the protection module 900
are set as a single group 1s explained. When the number of
groups 1s one, the number of the charge-discharge control
circuits provided in the protection module 900 1s one. FIG. 24
shows a case where the charge-discharge control circuit 800 1s
provided 1n the protection module 900. FIG. 24 15 a first
flowchart for explaiming the operation of the MPU of the fifth
embodiment.

The MPU 910 of the embodiment sends the control signal
SI including the chip address and the battery address to the
charge-discharge control circuit 800, when the chip address
and the battery address are 0O, as well as when the protection
module 900 1s connected to the battery charger. Here, the chip
address and the battery address specily the cell which 1s
stored 1n the previous charging operation, and the command
contents cause the switch element of the bypass circuit cor-
responding to the specified cell to be switched on. Then, the
MPU 910 switches on the switch element of the correspond-
ing bypass circuit and starts charging (step S2401).

The protection module 900 of the embodiment includes a
unit (not shown in the drawings) that detects whether the
protection module 900 1s connected to the battery charger.
The MPU 910 of the embodiment 1s provided with a storage
area 1n which the position (address) of the cell which reaches
the cell balance detection voltage first 1s stored.

Then, the MPU 910 sends the control signal SI including
the chip address and the battery address to the charge-dis-
charge control circuit 800, and receives the detected results.
Then, the MPU 910 sets the battery address of a next cell
subsequent to the cell for which the detected result 1s obtained
in the control signal SI (step S2402).

Subsequently, the MPU 910 detects whether the protection
module 900 1s connected to the battery charger or to the load
again (step S2403).

When the protection module 900 1s connected to the bat-
tery charger in step 52403, the MPU 910 determines whether
the voltage of the cell reaches the cell balance detection
voltage based on the detected result received 1n step S2402
(step S2404).

When it 1s determined that the voltage of the cell reaches
the cell balance detection voltage 1n step S2404, the MPU 910
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determines whether the current cell 1s the first cell which
reaches the cell balance detection voltage first (step S2405).

When 1t 1s determined that the cell 1s the first cell that
reaches the cell balance detection voltage first in step S2405,
the MPU 910 stores the position (address) of the cell (step
S52406). Specifically, the MPU 910 stores the chip address and
the battery address for specifying the cell.

When it 1s determined that the voltage of the cell does not
reach the cell balance detection voltage 1n step S2404, or 1t 1s
determined that the cell 1s not the first cell 1n step S2405, the
process proceeds to step S2407, which will be explained later.

Subsequently, the MPU 910 determines whether the bat-
tery address 1s the last value (step S2407). It means that the
MPU 910 determines whether the detection of voltages of all
of the cells 1s completed. When the battery address 1s the last
value, the MPU 910 sets 0 as the battery address (step S2408).
When the battery address 1s not the last value 1n step S2407,
the MPU 910 determines whether 1t 1s detected that the volt-
age of the cell reaches the charge terminate voltage based on
the detected result received in step S2402 (step S2409).

When 1t 1s determined that the voltage of the cell reaches
the charge terminate voltage 1n step S2409, the MPU 910
controls to terminate charging and SWltches T the switch
clement of the bypass circuit which is currently switched on
(step S2410). When 1t 1s determined that the voltage of the cell
does not reach the charge terminate voltage 1n step S2409, the
MPU 910 repeats the processes from step S2402.

When the protection module 900 1s connected to the load 1n
step S2403, the MPU 910 determines whether the voltage of
the cell reaches the over-discharge detection voltage based on
the detected result recerved in step S2402 (step S2411). When
it 1s determined that the voltage of the cell reaches the over-
discharge detection voltage i step S2411, the MPU 910
controls to terminate discharge (step S2412). When 1t 1s deter-
mined that the voltage of the cell does not reach the over-
discharge detection voltage i step S2411, the MPU 910
performs processes from step S2407.

As described above, 1n this embodiment, by the operation
of the MPU 910, the switch element of the bypass circuit
corresponding to the cell which reaches the cell balance
detection voltage first can be switched on 1n the next charging
cycle.

Next, the operation of the MPU 910 when the plural cells
are divided into plural groups corresponding to the battery
controllers 700 to 700% 1s explamned. FIG. 25 1s a second
flowchart for explaining the operation of the MPU of the fifth
embodiment.

The processes of step S2501 to step S2508 in FIG. 235 are
the same as the processes of step S2401 to step S2408 1n FIG.
24. The processes of step S2501 to step S2508 are performed
for each (one) of the plural groups.

When the battery address 1s set 0 1n step S2508, the MPU
910 determines whether the chip address of the battery con-
troller 7007 corresponding to the group to which the pro-
cesses of step S2502 to step S2508 are performed 1s the last
value (step S2509). It means that the MPU 910 determines
whether the processes of step S2502 to step S2508 are per-
formed for all of the groups. In this embodiment, the battery
controller 7007 1s provided for each of the groups. Therelore,
the MPU 910 can change the target group of the cells by
changing the chip address specifying the battery controller

7007 corresponding to the group.
When 1t 1s determined that the chip address 1s the last value

in step S2509, the MPU 910 sets O as the chip address

included in the control signal SI (step S2510).
Subsequently, the MPU 910 determines whether the volt-
age of the cell reaches the charge terminate voltage based on
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the detected resultrecerved 1n step S2502 (step S2511). When
the charge terminate voltage 1s detected 1n step S2511, the

MPU 910 controls to terminate charging (step S2512). When
the charge terminate voltage 1s not detected 1n step S2511, the
MPU 910 repeats the processes from step S2502.

When the value of the chip address 1s not the last value in
step S2509, the MPU 910 changes the value of the chip
address included 1n the control signal SI to the value of the
battery controller 7002+1 which 1s connected to the subse-
quent group of the cells (step S2513), and proceeds to step
S2511.

As the processes of steps S2514 and S2515 are the same as
the processes of steps S2411 and S2412 in FIG. 24, the
explanation 1s not repeated.

Asdescribed above, 1n this embodiment, for the case where
the cells are divided 1nto the plural groups corresponding to
the battery controllers 7001, the switch element of the bypass
circuit corresponding to the cell which reaches the cell bal-
ance detection voltage first can be switched on 1n the next
charging cycle for each of the groups.

Theretfore, according to the embodiment, similar to other
embodiments, the electric charge stored 1n the cells can be
eificiently utilized and the lifetime of the battery pack can be
extended.

Sixth Embodiment

The sixth embodiment 1s described with reference to draw-
ings. In the sixth embodiment, only a point where a unit that
detects whether the voltage of the cell reaches the charge
terminate voltage, the cell balance detection voltage, or the
over-discharge detection voltage 1s provided at the MPU side,
1s different from the fifth embodiment. For the explanation of
the sixth embodiment in the following, only the differences
from the fifth embodiment are explained, and the same com-
ponents are given the same reference numerals as the fifth
embodiment, and explanations are not repeated.

FIG. 26 1s a diagram for explaining the charge-discharge
control circuit of the sixth embodiment. First, a protection
module 900A including charge-discharge control circuits
800A to 800An of the embodiment 1s explained. The protec-
tion module 900A of the embodiment includes the charge-
discharge control circuits 800A to 800An, a MPU 910A, the
level shift circuit 920, and the switch elements M10 and M20.
The MPU 910A of the embodiment receives the voltages of
the plural cells output from the charge-discharge control cir-
cuits 800A to 800An, and detects whether the voltage of the
cell reaches the charge terminate voltage, the cell balance
detection voltage, or the over-discharge detection voltage.
Then, the MPU 910A sends the control signal SI based on the
detected result to the charge-discharge control circuits 800A
to 800An.

The charge-discharge control circuits 800A to 800An are
explained 1n the following. As the charge-discharge control
circuits 800A to 800An of the embodiment have the same
structure, the charge-discharge control circuit 800A 1s
explained as an example.

The charge-discharge control circuit 800A of the embodi-
ment includes a battery monitor 700A, the msulating com-
munication circuit 710, and the bypass circuits. The battery
monitor 700A monitors the voltages of the cells BAT1, BAT2
and BAT3. The voltages momtored by the battery monitor
700A are supplied to the MPU 910A via the insulating com-
munication circuit 710.

A charge terminate threshold voltage for detecting that the
voltage of the cell reaches the charge terminate voltage, a cell
balance threshold voltage for detecting that the voltage of the
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cell reaches the cell balance detection voltage, and an over-
discharge threshold voltage for detecting that the voltage of

the cell reaches the over-discharge detection voltage are set in
the MPU 910A of the embodiment. The MPU 910A com-
pares the voltage of the cell output from the battery monitor

700A and the above described corresponding threshold volt-
age, and determines whether the voltage of the cell reaches
any of the charge terminate voltage, the cell balance detection
voltage and the over-discharge detection voltage.

FIG. 27 1s a diagram for explaining the battery monitor of
the sixth embodiment. The battery monitor 700A of the
embodiment includes a voltage measurement circuit 750A, a
voltage level conversion circuit 755A, a serial-parallel con-
version circuit 760A, and an A/D conversion circuit 765.

The voltage measurement circuit 750A 1includes signal
level conversion circuits 770A, 780A and 790A, and a voltage
conversion circuit 785.

The s1gnal level conversion circuits 770A, 780A and 790A

of the embodiment have the same structure as the level con-
version circuit 777 of the fitth embodiment.

The voltage conversion circuit 785 of the embodiment
converts the voltages of the cells BAT1, BAT2 and BAT3 to
voltages, for which the reference voltage 1s uses as a refer-
ence, to be output to the A/D conversion circuit 763.

FIG. 28 1s a diagram showing an example of the voltage
conversion circuit of the sixth embodiment. For the voltage
conversion circuit 785 of the embodiment, the voltage of the
cell selected by the signal GxN, which 1s the battery select
signal generated by the decoder of the voltage level conver-
s1on circuit 735A, 1s applied between a connecting point A
and a connected point B. The voltage 1s accumulated 1n the
capacitor element C10 via the switches SW1 and SW2 con-
trolled by the signal CHFN.

The terminal of the capacitor element C10 at the anode side
1s connected to the VSS terminal, which 1s the reference, by
the signal COVN. The terminal of the capacitor element C10
at the cathode side 1s connected to a positive input terminal of
an operational amplifier 786. The output of the operational
amplifier 786 1s connected to a negative input terminal to form
an amplifier of gain=1. Further, the output of the operational
amplifier 786 1s supplied to the A/D conversion circuit 765.

FIG. 29 15 a diagram showing an example of the decoder
included 1n the voltage level conversion circuit of the sixth
embodiment. The decoder of the embodiment further
includes the level-shifts of the signal CHFN and the signal
COVN 1n addition to the components of the decoder of the
fifth embodiment. The marks or the symbols shown in FIG.
29 are the same as those shown 1n FIG. 23.

The operation of the MPU 910A of the embodiment 1s
explained in the following. First, the operation of the MPU
910A when the plural cells connected to the protection mod-

ule 900A are set as a single group 1s explained.
The processes of the MPU 910A of the embodiment, other

than step S2404, step S2409 and step S2411 in FIG. 24, are
the same as those shown 1n FI1G. 24. The MPU 910A of the
embodiment compares the voltage of the cell output from the
battery momtor 700A via the msulating communication cir-
cuit 710 and the cell balance threshold voltage set in the MPU
910A and determines whether the voltage of the cell reaches
the cell balance detection voltage 1n a step corresponding to
step S2404.

Similarly, the MPU 910A compares the voltage of the cell
and the charge terminate threshold voltage set in the MPU
910A and determines whether the voltage of the cell reaches
the charge terminate voltage 1n a step corresponding to step

52409.
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Further, the MPU 910A compares the voltage of the cell
and the over-discharge threshold voltage stored 1n the MPU
910A and determines whether the voltage of the cell reaches

the over-discharge voltage 1n a step corresponding to step
S2411.
Next, the operation of the protection module 900A when

the plural cells connected to the protection module 900A are
divided into plural groups 1s explained. The processed of the

MPU 910A of the embodiment, other than step S2504, step

S2511 and step S2514 in FIG. 25, are the same as the pro-
cesses 1n FIG. 25. The process of step S2504 1s the same as

that of step S2404, the process of step S2311 1s the same as
that of step S2409, and the process of step S2514 1s the same
as that of step S2411.

Thus, according to the embodiment, similar to the fifth
embodiment, the electric charge stored in the cells can be
eificiently utilized and the lifetime of the battery pack can be
extended.

The present mvention 1s not limited to the specifically
disclosed embodiments, and variations and modifications
may be made without departing from the scope of the present
invention.

The present embodiment 1s applicable to a protection mod-
ule for protecting a secondary battery.

The present international application 1s based on Japanese
Priority Application No. 2009-246814 filed on Oct. 27, 2009,
the entire contents of which are hereby incorporated herein by

reference.
Further, the present international application 1s based on

Japanese Priornity Application No. 2010-27467 filed on Feb.
10, 2010, the entire contents of which are hereby incorporated

herein by reference.

What is claimed 1s:

1. A charge-discharge control circuit for controlling cycles
of charging and discharging of a secondary battery including
plural cells, comprising:

a cell balance detection circuit that detects that a voltage of
at least one of the plural cells reaches a predetermined
voltage 1n a first charging operation;

a memory circuit that memorizes a first cell thatreaches the
predetermined voltage first among the plural cells 1n the
first charging operation;

bypass circuits respectively connected to the plural cells 1n
parallel, each of the bypass circuits including a switch
umt for bypassing the current that flows through the
corresponding cell when charging; and

a control circuit that controls,

in a second charging operation after the secondary battery
charged by the first charging operation 1s discharged, the
switch unit corresponding to the first cell memorized by
the memory circuit so that the switch unit corresponding
to the first cell 1s switched on from a start to an end of the
second charging operation.

2. The charge-discharge control circuit according to claim

1,

wherein the predetermined voltage 1s a charge terminate
voltage that detects termination of the cells.

3. The charge-discharge control circuit according to claim

1, further comprising;:

an over-discharge detection circuit that detects that a volt-
age of the cell becomes lower than or equal to a prede-
termined voltage;

a discharge control circuit that controls discharging of the
cells based on the detected result by the over-discharge
detection circuit;
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a charge termination detection circuit that detects that a
voltage of the cell becomes higher or equal to a charge
terminate voltage; and

a charge control circuit that controls charging of the cells
based on the charge termination detection circuit or the
cell balance detection circuit.

4. The charge-discharge control circuit according to claim

3, further comprising:

a transistor for controlling discharging for which ON/OFF
1s controlled based on the detected result by the over-
discharge detection circuit; and

a transistor for controlling charging for which ON/OFF 1s
controlled by the charge control circuit.

5. A semiconductor integrated circuit for controlling cycles
of charging and discharging of a secondary battery including
plural cells, comprising:

a cell balance detection circuit that detects that a voltage of
at least one of the plural cells reaches a predetermined
voltage 1n a first charging operation;

a memory circuit that memorizes a first cell that reaches the
predetermined voltage first among the plural cells 1n the
first charging operation; and

a control circuit that controls switch units of bypass cir-
cuits, each of the bypass circuits including the switch
unit for bypassing the current that flows through the
corresponding cell when charging;

wherein the control circuit controls, 1n a second charging
operation after the secondary battery charged by the first
charging operation 1s discharged, the switch unit corre-
sponding to the first cell memorized by the memory
circuit so that the switch unit corresponding to the first
cell 1s switched on from a start to an end of the second
charging operation.

6. The semiconductor integrated circuit according to claim

5, further comprising:

the bypass circuits.

7. A method of controlling charging and discharging by a
charge-discharge control circuit that controls cycles of charg-
ing and discharging of a secondary battery including plural
cells, comprising:

a cell balance detecting step of detecting that a voltage of at
least one of the plural cells reaches a predetermined
voltage 1n a first charging operation;

a memorizing step of memorizing a {irst cell 1n a memory
circuit that reaches the predetermined voltage first
among the plural cells 1n the first charging operation; and

a controlling step of controlling switch units of bypass
circuits, each of the bypass circuits including the switch
unit for bypassing the current that flows through the
corresponding cell when charging;

wherein 1n the controlling step, in a second charging opera-
tion after the secondary battery charged by the first
charging operation 1s discharged, the switch unit corre-
sponding to the first cell memorized in the memorizing,
1s controlled so that the switch unit corresponding to the
first cell 1s switched on from a start to an end of the
second charging operation.

8. The charge-discharge control circuit according to claim

1,

wherein each of the bypass circuits functions to decrease
the current that flows through the corresponding cell
when charging.

9. The charge-discharge control circuit according to claim

1,

wherein the cell balance detection circuit that detects that a
voltage of at least one of the plural cells reaches a pre-
determined voltage 1n the second charging operation,
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wherein the memory circuit memorizes a second cell that
reaches the predetermined voltage first among the plural
cells 1in the second charging operation, and

wherein the control circuit controls, 1n a third charging
operation after the secondary battery charged by the
second charging operation 1s discharged, the switch unit
corresponding to the second cell memorized by the
memory circuit so that the switch unit corresponding to

the second cell 1s switched on from a start to an end of the
third charging operation.
10. The semiconductor integrated circuit according to
claim 5,
wherein each of the bypass circuits functions to decrease
the current that tflows through the corresponding cell
when charging.
11. The semiconductor integrated circuit according to
claim 5,
wherein the cell balance detection circuit that detects that a
voltage of at least one of the plural cells reaches a pre-
determined voltage 1n the second charging operation,
wherein the memory circuit memorizes a second cell that
reaches the predetermined voltage first among the plural
cells 1n the second charging operation, and
wherein the control circuit controls, 1n a third charging
operation after the secondary battery charged by the
second charging operation 1s discharged, the switch unit
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corresponding to the second cell memorized by the
memory circuit so that the switch unit corresponding to
the second cell 1s switched on from a start to an end of the
third charging operation.

12. The method of controlling charging and discharging

according to claim 7,

wherein each of the bypass circuits functions to decrease
the current that flows through the corresponding cell
when charging.

13. The method of controlling charging and discharging

according to claim 7, further comprising:

a second cell balance detecting step of detecting that a
voltage of at least one of the plural cells reaches a pre-
determined voltage 1n the second charging operation;

a second memorizing step of memorizing a second cell 1n
the memory circuit that reaches the predetermined volt-
age lirst among the plural cells 1n the second charging
operation; and

a second controlling step of controlling, 1n a third charging
operation after the secondary battery charged by the
second charging operation 1s discharged, the switch unit
corresponding to the second cell memorized in the
memorizing 1s controlled so that the switch unit corre-
sponding to the second cell 1s switched on from a start to
an end of the third charging operation.
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